p 


OPERATION 


8 


WT-1421 


MOttcy  Ctmgmp 


'  REM9A  TEST  SITE 
/  VAT-SE?TEM8ER  195? 


■t 
'  - 

.  *  r** 


EVALUATION  of  BURIES  CONDUITS 
8$  PERSONNEL  SKELTERS 


Bates  prfr  14,  I960 


NEA0Q9ARTEIS  Ft (19  COCKAll 
DEFENSE  ATOMIC  S9PP0RT  A6ERCT 
S  A  MO  I A  IASI.  A18I692IG9E.  REV  MEXICO 


>  .  •  . 

•  -  K> 

I? 

► 

*  .  .  h  i 

i  ,»  *" 

t-  •  ?:'• 


•a  J.V 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 

REPRODUCE  LEGIBLY. 


NOTICE  TO  USERS 


Portions  of  this  document  have  been  judged  by  the  Clearinghouse 
to  be  of  poor  reproduction  quality  and  not  fully  legible.  However,  in 
an  effort  to  make  as  much  information  as  possible  available  to  the  pub* 
lie,  the  Clearinghouse  sells  this  document  with  the  understanding  that 
if  the  user  is  not  satisfied,  the  document  may  be  returned  for  refund. 

If  you  return  this  document,  please  include  this  notice  together 
with  the  IBM  order  card  (label)  to : 

Clearinghouse 
Attn:  152.12 
Springfield,  Va.  22151 


i 


WT- 1421 


OPERATION  PLUMBBOB—  PROJECT  3.2 


EVALUATION  of  BURIED  CONDUITS 
os  PERSONNEL  SHELTERS 


G.H.  Albright,  LTJG,  CEC,  USNR, 
Project  Officer 

J.C.  LeDoux,  LCDR,  CEC,USN 
R.  A.  Mitchell,  LTJG,  CEC,  USNR 


Bureau  of  Tarda  and  Docks 
Navy  Department 
Washington  -25, •  D.C.  • 


U.S.  Naval  Civil  Engineering  Laboratory 
Port  Hueneme,  California. 


© 


FORE  VORD 

This  report  presents  the  final  results  of  one  of  he  46  projects  comprising  the  military-effect 
program  of  Operation  Plum  tool},  which  Included  24  test  detonations  at  the  Nevada  Test  Site  In 
1957. 

For  overall  Plumbbob  military-effects  Infori  atlon,  the  reader  Is  referred  to  the  “Summary 
Report  of  the  Director,  DOD  Test  Group  (Progi.uns  1-9),  “  ITR-1445,  which  Includes:  (1)  a 
description  of  each  detonation.  Including  yield,  /.ero-polnt  location  and  environment,  type  of 
device,  ambient  atmospheric  conditions,  etc.;  ■  )  a  discussion  of  project  results;  (3)  a  summary 
of  the  objectives  and  results  of  each  project;  ai  •  (4)  a  listing  of  project  reports  for  the  military- 
effect  program. 
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'^Twelve  large-diameter  burled  conduit  sect  Iona  of  various  shapes  were  tested  U-4faa-fl6  -<o»t<^v 
/ pr^  overpressure /reg^w  -iHaffipTlTllliWn  make  an  empirical  determination  of  the  degree  of 
personnel  protection  affotti&d  by  commercially  available  steel  and  concrete  conduits  at  depths 
of  burial  of  5,  7.S,  and  10  feet  below  grade-., ’  Essentially,  it  was  desired  to  assure  that  Depart¬ 
ment  of  Defense  Class  I  (100-psi  andjuxnparable  radiations)  and  Class  Q  (50-pci  and  compara¬ 
ble  r^dUtisrf^-protwrlion  Is  afforded  by  use  of  such  conduits  of  various  configurations. 
^Measurements  were  made  of  free-field  overpressure  at  the  ground  surface  above  the  struc¬ 
ture;  pressure  Inside  the  structures;  acceleration  of  each  structure;  deflection  of  each  structure 
dust  inside  each  structure;  fragmentary  missiles  inside  the  concrete  structures;  and  gannaa  and 
neutron  radiation  dose  inside  each  structure.  (_y 
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ABSTRACT 


All  burled  conduit  sections  tested  provided  adjusts  Class  I  protection  (lOQ-psl  overpressure 
and  comparable  radiation  protection)  for  the  coodltkms  under  which  the  conduits  were  tested. 
Standard  8-foot  concrete  sewer  pipe  withstood  126-pei  overpressure  without  significant  damage 
(minor  tension  cracks  observed);  standard  10-gage  corrugated-steel  8-foot  circular  conduit 
sections  withstood  128-pel  overpressure  h  ithoui  significant  damage;  and  standard  10-gage  cor¬ 
rugated-steel  cattle-pass  conduits  withsto-  -d  140-pei  overpressure  without  significant  damage. 
Durations  of  positive  pressure  were  from  108  to  833  milliseconds.  1 


PREFACE 

The  pretest  planning,  field  test,  and  completion  of  the  Interim  test  report  was  accomplished  by 
the  Bureau  of  Yards  and  Docks  (BUDOCKS)  with  assistance  in  the  lleld  by  the  research  staff  of 
the  U.S.  Naval  Civil  Engineering  Laboratory  (NCEL).  The  project  was  conceived,  planned, 
and  executed  under  the  guidance  of  CAPT  A.  B.  Chilton,  Jr.,  CEC,  USN,  who  was  then  Manager 
of  the  Atomic  Energy  Branch  of  BUDOCKS.  LTJG  G.H.  Albright,  CEC,  USNR,  was  Project 
Officer  and  writer  of  the  Interim  test  report.  P.  J.  Rush  was  Project  Engineer  for  the  NCEL 
participation  at  the  test  site. 

This  weapons  test  report  was  prepared  by  t  >e  research  staff  of  NCEL.  The  following  agencies 
and  projects  made  essential  contributions  to  th«*  total  success  of  this  project: 

Chemical  Warfare  Laboratory,  Project  2.*,  Radiation  Shielding 
Ballistic  Research  Laboratories,  Project  3.7,  Structural  Instrumentation 
Waterways  Experiment  Station,  Project  :<.8,  Soils  Survey 
Lookout  Mountain  Laboratory,  Project  9  1,  Photography 

Lovelace  Foundation,  Project  33.2,  MlsMle  Traps,  Project  33.5,  Dust  Investigation. 
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Chapter  / 

INTRODUCTION 


1.1  OBJECTIVES 

The  general  purpose  of  this  project  was  to  obtain  th*  necessary  information  from  which  to 
develop  criteria  for  the  economical  and  practical  selection  of  standard,  commercially  available 
conduit  sections  for  use  as  shelters  to  protect  personnel  from  the  effects  of  air  blast  and  nuclear 
radiation. 

The  specific  objectives  were:  (11  to  make  an  empirical  determination  of  the  degree  of  pro¬ 
tection  to  personnel  afforded  bv  steel  and  concrete  conduits  at  various  depths  of  burial,  when 
loaded  in  the  high  pressure  region;  (2)  to  assure  that  Department  of  Defense  (DOD)  Classes  I 
and  II  protection  (loO  psi  and  i>0  psi,  respectively)  are  afforded  by  the  use  of  burled  conduits 
of  various  configurations. 

1.2  BACKGROUND 

The  use  of  standard,  commercially  available  conduit  sections,  placed  in  relatively  long 
lengths  m  a  multiple-tube  shelter  arrangement  si.ch  as  Indicated  In  figure  1.1,  is  considered 
to  be  an  i  ®xpc"sr/e  and  adequate  method  of  providing  personnel  protection  St  high  overpressure 
levels  (lCu  psi).  Also,  the  use  of  commercially  available  conduit  sections  for  emergency  field 
protection  had  been  proposed  by  the  Bureau  of  Yards  and  Docks  as  a  rapid  and  Inexpensive 
means  of  providing  protection  at  high  overpressure  levels. 

There  was  little  information  available  on  the  behavior  of  closed-end  burled  conduits  when 
subjected  to  blast  from  air  bursts.  Corrugated-steel  and  precast-concrete  circular  pipe  sec¬ 
tions  had  been  used  as  entrance  passages  in  various  semi-buried  shelters  in  Operation  Upshot- 
Knothole  and  Operation  Teapot;  however,  no  attempt  had  been  made  to  record  deformations  In 
such  passages.  Tests  of  steel  and  concrete  circular  pipe  sections  had  been  conducted  (Refer¬ 
ence  1)  m  the  lower  overpressure  regions  (9  to  25);  however,  the  ends  of  the  pipe  sections  had 
not  been  closed,  and  In  many  cases  peak  Internal  pressures  had  e  reeded  the  peak  overpressures 
at  the  earth  surface.  Therefore,  the  information  obtained  at  that  time  could  not  be  used  to 
estimate  strictural  behavior  or  nuclear  radiation  protection  afforded  by  closed-end  buried 
conduit  sections. 

It  has  been  indicated  (Reference  2)  that  some  of  the  principal  ways  In  whlrh  the  earth  cover 
over  burled  structures  can  act  Include  (1)  changing  the  pattern  of  distribution  of  the  forces  on 
the  structure  by  changing  the  effective  shape  of  the  structure  or  (2)  permitting  the  transfer  of 
forces  around,  but  r.ot  through,  the  structure.  It  has  also  been  stated  (Reference  3)  that  whe 
deflections  become  large,  as  m  many  cases  of  flexible  structures,  arching  begins  to  be  effective 
after  the  deflections  have  reached  values  corresponding  to  about  5  percent  of  the  span. 

Reference  4  Indicates  that  the  design  of  buried  structures  (conduits)  based  on  stress  analysts 
is  not  ;oasiblc  because  of  the  great  uncertainty  in  the  pattern  of  forces  on  the  conduits.  Tha 
change  in  shape  of  flexible  structures  and  the  arching  action  of  the  soil  cannot  be  presently 
evaluated  to  permit  a  rational  analysis  for  dynamic  loads. 

Reference  5  reports  the  development  of  empirical  design  theories  by  means  of  field  testa 
over  a  period  of  years  at  a  large  number  of  varied  Installations. 

For  Operation  Plumbbob,  test  sections,  typical  of  portions  of  a  multlnle-tube  (Figure  1.1), 
or  eine^cncy  shelter,  wire  selected  by  means  of  modified  static  design  procedure.!  and  on  the 
basis  o  standard  commercially  availabl*  material.  The  soil  used  for  Ixtckfill  consisted  of  a 
graveU/-si!ty-H.iiul  mixture  .rom  borrow  pits,  more  nearly  rvpn  settling  a  typical  l»ckftll 
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material  Much  as  may  be  found  a'  continental  i 
dry-lake  lied  material  found  in  Frenchman  FI: 

Iwmuoh  an  tX>D  Classes  l  a  id  II  protectl- 
(thermal  radiation,  nuclear  radiation,  etc.)  II 
iftK  afforded  by  conduit*  arrayed  with  varto ut¬ 
il  wa«  planned  (hat  an  evaluation  of  the  van 


S.  and  oversea  base  locations,  rather  than  the 


»  assumes  protection  against  comparable  effects 
ran  desired  to  obtain  an  Index  of  radiation  shield 
lepth#  of  earth  cover. 

us  sections  for  use  as  typical  sections  of  person 


Section  A  ; 

Figure  1.1  Possible  orrasgemeat  of  conduits  as  pereoonl  shelters. 

net  shelters  would  be-  made  from  (1)  Baaxtmum  .md  residual  changes  In  vertical  diameter, 

(1)  residual  chance  in  horlsontal  diameter,  (3)  •  ternal  peak  pressures,  (4)  vertical  acceleration 
of  conduits,  (5)  gamma  and  neutron- radiation  li  els,  (8)  missile  and  dust  liasarda,  and  (7)  gen¬ 
eral  examination. 

K  was  anticipated  that  the  conduits  located  to  receive  100-psl  or  greater  overpressure  would 
poeslbly  provide  adequate  Class  I  protection  and  that  the  conduits  located  to  receive  50-pat  or 
greater  overpressure  would  provide  Class  II  protection.  Including  effects  from  radiations. 
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Chapter  2 

PROCEDURE 


2.1  DESCRIPTION  OF  CONDUITS 

Twelve  20-foot  Umg  Hosed -end  conduit  sections,  completely  buried,  with  5  to  10  feet  of 
car'll  cover,  were  subjected  to  Shot  Priscilla  of  Operation  Plumbbob.  They  were  arranged  as 
indicated  in  Tables  2.1  and  2.2  and  Figure  2.1.  Each  structure  was  so  arranged  and  was  of 
suci  length  as  to  preclude  the  action  of  end  restraint  from  interfering  with  its  response. 

To  permit  installation  and  adjustment  of  instrumentation  after  burial  of  test  sections,  access 
passages  of  fabricated  corrugated-steel  sections  were  provided  as  a  simple,  economical  test 
configuration.  These  were  closed  with  a  steel  plate  and  sandbags  to  prevent  blast  pressures 
from  entering  the  conduit  and  to  permit  valid  nuclear  radiation  measurement  to  be  made  in  the 
actu.’.l  test  sections.  Inasmuch  as  the  objectives  of  this  project  include  evaluation  of  test  sec* 
lions  of  conduits  only,  such  an  entrance  was  definitely  not  designed  for  operational  use  as  a 
part  of  a  shelter. 

The  general  arrangement  of  the  access  passage  (test  operation  purposes  only)  for  all  con¬ 
duits  is  shown  in  Figure  2.2. 

Doth  ends  of  each  test  section  were  provided  with  a  closure  (designed  solely  for  the  purpose 
of  this  experiment)  consisting  of  10-by-12  inch  wood  timbers  assembled  into  a  diaphragm  by 
means  or  2-by-4  inch  wood  members  and  steel  angles.  Strips  of  '/.-inch  thick  asphaltic  impreg¬ 
nated  composition  board  were  nailed  to  the  wood  diaphragms,  on  the  side  adjacent  to  the  conduits, 
to  insure  a  tight  seal  and  to  correct  any  surface  irregularities.  At  one  end  of  each  conduit,  an 
access  passage  was  attached,  and  an  opening  reinforced  with  steel  angles  was  provided  in  the 
wood  bulkheads.  Typical  end  bulkhead  arrangements  are  shown  In  Figures  2.3  and  2.4. 

A  1-inch  steel  plate  was  used  as  a  hatch.  This  was  covered  with  4  feet  of  sandbags  inside 
a  5-foot-squarc  plywood  box  without  top  or  bottom.  The  wood  box  is  shown  in  Figure  2.S. 

The  bedding  and  backfill  operations  were  performed  in  a  manner  typical  to  i  onveottooat  cos¬ 
's  true  lion  practices.  The  backfill  was  carefully  placed  in  nomlnilly  6-inch  lifts,  and  compacted 
with  hand-operated  pneumatic  tampers  and  other  mechanical  equipment,  as  explained  In  Appendix 
A.  in  general,  the  backfill  material  used  was  a  gravelly-silty-sand  material  similar  to  that  util¬ 
ized  over  the  Operation  Teapot  3.6  corrugated-metal  structure  (Reference  4).  This  backfill 
material,  rather  than  the  dry-lake  bed  material  found  In  Frenchman  Flat,  was  used  to  more 
nearly  represent  imckfill  material  typical  of  continental  and  oversea  lose  locations.  Thus,  the 
data  obtained  would  lie  more  pertinent  to  the  proposed  use  of  conduits  as  personnel  shelters, 
and  possibly  more  easily  correlated  with  previous  data  collected  on  the  Operation  Teapot  Proj¬ 
ect  3.0  structures  (Reference  4). 

During  backfilling  operations,  density  and  water-content  data  were  obtained  by  the  Water¬ 
ways  Experiment  .station  (WES,  Project  3.8).  Also,  mechanical  analyses  of  Uni  soli  ware  per¬ 
formed  by  WES,  and  ch.mical  and  spectrographlc  analyses  were  performed  by  the  U.S.  Naval 
Civil  Engineering  Laboratory  (NCEL).  Analyses  of  the  soil  used,  compaction  data,  and  details 
of  backfilling  operations  are  included  in  Appendix  A,  Section  A.3. 

2.1.1  Corrugated-Steel  Cattle-Pass  Conduits.  Conduits  designated  as  3.2a,  3.2b,  3.2c,  3.2f, 
3.2g,  3.2k,  and  3.2m  in  Table  2.2  consisted  of  curved  and  flat  10-gage  corrugated-steel  sections 
assembled  into  cattle-pass  shapes,  20  feet  long,  arranged  as  indicated  in  Figures  2.6  and  2.7. 

The  properties  of  the  corrugated  plate  sections  (Reference  6)  are  given  in  Table  2.3.  Typical 
inte-ior  and  exterior  views  of  a  test  section  are  shown  as  Figures  2.8,  2.9,  and  2.10. 
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TAItl.1  2.1  AIIKANGKMKNT  OK  CONDUITS  AT  Tt  »T  SITE,  SHOT  PK1SCILI.A 


:)7  ht  yield.  7(Hl  feet  height  of  burst. 


Station 

Numlicr 

Conduit 

Range  from 
Ground  Zoro 
to  con  tar  of 

Structure 

Slant 

Range 

At  ;le  of 
f  ght 

Topographic 

Coordinates 

Predicted 
Theoretical 
Overpressure 
at  Earth  Surface 

North 

Fuat 

ft 

yds 

deg 

pat 

<1016.01 

•7.2a 

970 

399 

36 

746,889.76 

715,271.62 

125 

0016.01! 

3.2f 

1,040 

418 

34 

746,819.76 

715,130.58 

100 

0016. 011 

It.  2c 

1,040 

418 

34 

746,868.75 

715,164.' 3 

100 

0016  Ol 

.!  *1. 

1,040 

418 

34 

746,915.74 

715,201.66 

100 

0016.0b 

1,150 

449 

11 

746,525.82 

714,884.17 

76 

noi6. ot; 

:i.2m 

1,360 

510 

27 

746,686.76 

714,712.71 

50 

9016.07 

11  2k 

1,360 

510 

.*7 

746,957.70 

714,839.35 

50 

017  01 

.1.2o 

1,040 

418 

14 

747,003.73 

715,284.11 

100 

9017  02 

•t.2j 

1,150 

449 

11 

746,677.78 

714,933.14 

75 

9017  011 

11.21 

1,360 

S10 

27 

747,007.69 

714,871.34 

so 

9018.01 

3.2d 

1,040 

418 

34 

746,961.73 

715,242.36 

100 

9018.02 

3  2h 

1,150 

449 

31 

746,602.80 

714,906.06 

75 

TABLE  !.2  DESCaiPTlON  OF  TEST  CONDI  TS 


Conduit 

Nominal  Depth 
of  Earth  Cover 

Type  of 
Structure 

Material 

sise 

Internal 

Width 

Internal 

Height 

ft 

ft 

tn 

a 

in 

3.2a 

7.5 

Steel  Cattle  Pai 

Corrugated  Stool 

5 

10 

7 

8 

3.2b 

10.0 

Steel  Cattle  Pai 

Corrugated  Steel 

r» 

10 

7 

a 

3.2c 

7.5 

Steol  Cattle  Pai 

Corrugated  Steel 

5 

10 

7 

8 

3. 2d 

7.5 

Steel  Circular 

Corrugated  Steol 

8 

— 

8 

— 

3.2c 

7.5 

Concrete  Clrcu  r 

Precaat  Concrete 

8 

— 

8 

— 

.:.2f 

5.0 

Steel  Cattle  Pai 

Corrugated  Steel 

5 

10 

7 

8 

3.2k 

7.5 

Steel  Cattle  Pai 

Corrugated  Steel 

5 

10 

7 

8 

3.2h 

7.5 

Steel  Circular 

Corrugated  Steel 

8 

— 

8 

— 

3.2J 

7.5 

Concrete  Clrcu  ir 

Precast  Cone  rets 

8 

— 

8 

— 

3.2k 

7.5 

Steel  Cattle  Pai  i 

Corrugated  Steel 

5 

10 

7 

8 

3.21 

7.5 

Concrete  Clrcu  ir 

Precast  Concrete 

8 

— 

8 

— 

3-2m 

5.0 

Steel  Cattle  Pai  t 

Corrugated  Steel 

5 

10 

7 

8 
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FiRure  2.1  Plot  plan.  Project  3.2 
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'igure  2.2  Access  passage  used  for  test  operation*.  Figure  2.3  Closed-end  timber  bulkhead. 


SECTION  A-A 

Figure  2.6  Cattle -pass  teat  *ectioa  and  access  pawge, 


Figure  2.7  Assembled  afea}i»  of  caltle-jasn  section. 


TABLE  2.3  PROPERTIES  OK  lO-t'.AGE  CORRUGATED  STEEL  PIATE 


2.1.2  Corrugated-Steel  Circular  Structures.  Structures  designated  as  3.2d  and  3.2h  In  Table 

2.2  were  standard  10-gage  corrugated-stei  l  sections  ol  8-loot  diameter.  The  properties  ol  the 
steel  plate  sections  were  identical  to  those  given  (or  the  cattle-pass  sections  In  Table  2.3.  Bach 
20-(oot  long  test  section  consisted  of  three  basic  plate  lengths  assembled  as  Indicated  in  Figures 
2.11,  2.12,  2.13,  and  2.14. 

« 

2.1.3  Rginforced-Concrete  Circular  Conduits.  Conduits  designated  as  3.2e,  3.2j,  and  3.21, 
in  Tabic  2.2  were  standard  concrete  sewer  pipe  (Reference  7)  having  the  properties  indicated 
in  Table  2.4. 

Each  20-foot  long  test  section  consisted  of  two  8-foot  and  one  4-foot  sections  grouted  at  the 


time  of  assembly.  The  conduit  sections  were  assembled  as  indicated  In  Figures  2.15,  2.18, 

2.17,  and  2.18. 

2.2  DATA  REQUIREMENTS 

2,2.1  Structural  Measurements.  The  structural  Instrumentation  (or  this  project  consisted 
o(  instruments  to  measure  the  transient  air  overpressures  at  ground  surface,  peak  Internal 
pressures,  peak  and  dynamic  acceleration  of  bottom  o i  conduits  (all  by  Ballistic  Research 
Laboratories,  BRL  Project  3.7)  and  the  change  In  vertical  diameter*  by  NCEL,  Pour  electronic 
channels  were  utilized  (or  the  dynamic-acceleration  measurements.  A  summary  ol  structural 
instrumentation  is  shown  In  Table  2.5.  The  specific  locations  ol  the  Instruments  In  tho  conduits 
are  shown  in  Figure  2.19. 

Data  reliability,  description  of  instruments,  and  conclusions  regarding  Instrumentation  are 
presented  in  Appendix  B. 
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Iii  order  to  did  in  the  evaluation  of  the  <  ffectiveness  of  test  sections  for  use  as  shelters, 
critical  dimensions  were  determined  l»y  surveys  made  approximately  18  days  before  the  shot, 

9  days  after  the  shot,  and  again  113  days  -ifter  the  shot.  Measurements  included  cross  section 
shape,  and  absolute  location  below  an  established  mark  at  the  entrance  tunnel  section.  The 


Figure  2.14  Interior  view  of  circular  steel  section 
showing  timber  closure. 

specific  locations  and  magnitudes  of  such  measurements  are  indicated  to  Section  3.1  sod  Appen¬ 
dix  B,  Section  B.l.  A  series  of  preshot  and  postshot  photographs  were  mads  to  aid  In  evaluation 
of  postshot  conditions. 

2.2.2  Environmental  Hazards.  For  this  tes.  particular  attention  was  given  to  ihoss  effects 
defined  as  personnel  environmental  hazards  Inside  closed  underground  conduits,  specifically: 

TABLE  2.4  PROPERTIES  OF  CONCRETE  TEST  SECTION 


Standard  Specification  ASTM  75-88 

Internal  Di areata  r  98  laches 

Shell  TMctoeae  9  Inches 

Concrete  Strength  (minimum)  3,000  pel 

Total  Steel  Area: 

Circumferential  2  lines  totaling  O.ST-inch*  per 

linear  loot 

Ell'ptlcal  Nona,  steel  placed  concentrically  only 

acceleration  effects,  Internal  pressure  effects,  missile  hazards,  and  dust  hazards  (In  concrete 
conduits). 

Accelerometers  were  mounted  on  the  bottom  of  the  conduits  to  provide  acceleration  meas¬ 
urements.  Peak-pressure  gages  were  l  os  I  tiled  Inside  each  structure  to  serve  not  only  as  a 


Nature  I  * 

Soil 


Figure  2.18  Exterior  view  of  typical  circular  concrete 
conduit  prior  to  backfilling. 


check  for  structural  behavior  due  to  leakage  but  also  as  a  check  for  pressure  hazards  to  per¬ 
sonnel.  Photographs  served  aluo  as  documentation  in  connection  with  potential  missile  hazards 
(bolts,  connecting  angles,  etc  ). 

Inasmuch  as  dust  is  a  known  environmental  personnel  hazard  and  because  no  data  exist  ref- 


TA8LS.2.S  STRUCTURAL  DtSTRUMEKTATtON  SCHEDULE 


Nuwbrr 

Typ® 

Location 

12 

D*fl*otlcn  Gacca  (Scratch) 

One  (a  each  of  12  ooacblta(at  top) 

4 

Stlf-recordim  Preaeurc-Time 
Qa$ee  (on  earth  eurfaev) 

Conduit  3.2a  (12S  pal) 

Conduit  3.2b-e  (100  pal) 

Conduit  3.2h-f  (75  pci) 

Conduit  3.21  (60  pal) 

12 

Peak  tetemal  Preeeure  Cure 

One  la  each  of  12  conduce 

12 

Peck  Accelerometer* 

(Vertical  Component) 

One  In  each  of  12  condutte 

4 

Electrode  Dynamic  Acceler¬ 
ometer  (Vertical  Component) 

One  la  Conduit  3.2a  (125  pal) 

Om  la  Conduit  3.2f  (100  pal) 

On*  la  Conduit  3.2*  (75  pd) 

One  la  Conduit  3.21  (50  pal) 

erable  to  closed  underground  structures  subjected  to  shock  from  atomic  weapons,  the  Lovelace 
Foundation  (Project  33.5,  Reference  8)  conducted  a  field  Investigation  which  Included  three 
concrete  conduits  of  this  project.  The  objectives  for  this  sltidy  were  to  (1)  document  the  particle 
sizes  of  preshot  and  post  shot  dust  and  (2)  differentiate,  if  possible,  the  sources  of  the  postshot 
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Figure  2.19  Typical  gage  location  Inside  test  section. 


dust;  whether  or  not  particles  after  the  detonation  arose  from  existing  dirt  on  the  floor  of  con- 
dubs  or  actually  spalled  from  the  conduits  or  bulkheads  as  a  result  of  the  shock.  Two  types  of 
dust  collectors  were  installed  In  3.2e,  3.2j,  and  3.21.  Results  are  Indicated  In  Section  3.2,  and 
a  detailed  explanation  of  the  dust  collectors  Is  included  In  Appendix  B. 


As  a  part  of  the  investigation  of  possible  spalling  effects  of  large  missiles,  missile  traps 
were  Installed  also  in  Conduits  3.2e,  3.2j,  and  3.21  by  the  Lovelace  Foundation  (Project  33.2, 
Reference  9).  Styrofoam  was  used  as  missile  receivers. 

Results  are  discussed  in  Section  3.2,  and  additional  details  are  included  in  Appendix  B. 

2.2.3  Nuclear  Radiation  Instrumentation.  The  nuclear  radiation  shielding  measurements 
were  provided  by  the  Chemical  Warfare  Laboratory  (Project  2.4,  Reference  10)  and  consisted 
of  the  following: 

Gamma  film  packets  All  12  conduits 

Chemical  neutron  dosimeters  All  12  conduits 
Neutron  threshold  devices  Conduit  3.2i 

The  specific  location  of  the  nuclear  radiation  measuring  devices  within  the  various  conduits 
is  indicated  in  Section  3.3,  and  details  of  the  specific  measuring  devices  are  furnished  in 
Appendix  C,  Section  C.2.  The  neutron-threshold  devices,  attached  to  a  %-lnch  steel  cable, 
rested  in  a  4-foot-length  aluminum  pipe  section  inside  the  conduit.  The  cable  passed  from  the 
aluminum  section  through  an  8-inch  steel  pipe  extending  from  the  end  of  the  conduit,  making 
a  45-degree  turn  toward  the  surface  to  approximately  one  foot  below  the  ground  level.  The 
%-inch  cable  terminated  in  a  cap  covering  the  end  of  the  steel  pipe.  To  the  opposite  end  of  the 
cap  was  attached  a  %-inch  steel  cable,  which  in  turn  was  attached  to  the  Project  2.4  master 
cable.  The  recovery  tube  for  the  neutron-threshold  measuring  device  was  provided  to  permit 
extraction  at  H  +  45  minutes  of  those  particular  radiation  shielding  measuring  devices  for  which 
early  time  of  recovery  was  essential.  The  recovery  tube  is  shown  inside  the  structure  in  Fig¬ 
ure  2.20;  an  exterior  view  prior  to  backfilling  is  shown  in  Figure  2.21. 

In  order  to  completely  define  the  shielding  material,  an  elemental  analysis  of  the  soil  used 
for  backfill  was  made  by  NOEL  and  is  included  In  the  Appendix,  Section  A.3.1.  Results  of  the 
shielding  measurements  of  the  conduits  are  included  in  Section  3.3  and  the  Appendix,  Section 
C.4. 


Chapter  3 

RESULTS 


3.1  STRUCTURAL  MEASUREMENTS 

Structural  nuMMirements  are  tabulate'!  in  Table:-  3.1  and  3.2.  Di  tails  oi  the  instrumentation 
used  arc  included  hi  Appendix  B. 

Measured  peak  overpressures  acre  si  mewhat  gi  eater  than  predicted.  Overpressures  were 
measured  directly  over  or  adja  eut  to  on  y  six  of  the  conduits.  The  overpressures  thus  obtained 
arc  indicated  m  Table  3.1,  as  being  applicable  also  to  the  other  six  conduits  at  the  corresponding 
ranges  from  ground  zero. 

Recorded  (icak  internal  pressures  ramie  from  1.0  to  3.?  psi  but  the  reliability  of  these  data  is 
questionable. 

All  recorded  downward  accelerations  of  conduit  iiottopis  were  less  than  lOg.  The  values  of 
8  ar.d  5  g’s  at  conduits  3.2a,  3.2f,  and  3.1  g  are  considered  good  records.  The  other  accelera¬ 
tion  records  are  questionable  but  fall  will  in  about  t.'ic  aame  range.  In  comparison.  Reference 
11  reports  free-held  peak  downward  acci  le  rat  ions  of  7.0  and  4.2  g’s  followed  by  peak  upward 
acreletations  of  4.1  and  3.5  g's  respectively  at  10  feet  below  ground  surface  and  at  a  range  of 
1,350  feet,  (n  nuking  such  a  comparison  it  must  be  remembered  tnnl  a  soil  different  from  the 
native  Frenchman  Flat  soil  was  used  as  backfill  around  the  conduits.  Measured  durations  of 
downward  acceleration  were  50,  48  and  45  milliseconds  at  Structure*  3.2a,  3.2f,  and  3.2g, 
respectively. 

Prcsluit  measurements  of  conduit  dimensions  were  made  on  D- 18  days  and  postshot  meas¬ 
urements  were  made  oil  D  »  9  days  and  D  113  days.  Recorded  comluit  dimensions  from  the 
first  two  surveys  are  given  in  Table  3.2.  Changes  in  conduit  dimensions  as  indicated  by  the 
two  postshot  surveys  are  given  in  Table  3.1.  Full  scale  scratch  gage  deflection  traces  are  In¬ 
cluded  in  the  Appendix,  Section  B.l.  The  fact  that  some  of  the  survey  measurements  do  not 
agree  with  corresponding  scratch  gage  records  Indicates  a  definite  experimental  error  in  one 
or  the  other.  Nevertheless,  a  close  examination  of  these  data  reveals  several  interesting 
tendencies. 

Scratch  gage  records  indicate  that  the  crown  of  two  of  the  cattle-pass  type  conduits  sprang 
back  to  a  relative  residual  position  higher  than  their  Initial  position.  The  other  cattle-pass 
conduits  ad  residual  relative  vertical  deflections  at  the  crown  of  from  29  to  53  |iercent  of  their 
maximum  vertical  deflection.  In  comparison  the  circular  concrete  conduits  and  the  circular 
steel  conduits  had  residual  relative  vertu.il  deflections  of  from  20  to  50  percent  of  maximum 
and  from  37  to  <>7  |>erceiil  of  maximum,  respectively. 

Except  for  one  conduit,  the  change  tn  internal  height  of  conduit  as  measured  by  a  D  +  9  days 
survey  is  const  stent  ly  greater  than  indicated  by  the  scratch  gage  records.  No  explanation  is 
offered  for  this  discrepancy. 

The  Di9  days  survey  indicated  that  the  width  of  the  cattle-pass  conduits  decreased  (net) 
during  the  period  from  D- 18  days  to  D  ♦  9  days.  During  the  same  period  the  net  change  In 
the  width  of  the  circular  conduits  was  either  an  Increase  or  zero. 

The  D  +  113  survey  indicated  no  significant  change  In  conduit  height. 

In  all  flexible  metal  conduits  there  wa3  a  tendency  for  the  circumferential  dimension  to 
reduce  because  of  slipping  of  corrugated  plates  at  the  seams.  In  no  case  was  a  sheared  bolt 
observed.  The  cattle-pass  sections  in  genaral  appeared  :o  experience  greater  slippage  than 
the  circular  sections.  The  slippage  of  any  one  joint  was  not  greater  than  '/4  inch. 
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TA8LE  3.2  SURVEY  MEASUREMENTS 
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%  9V 

Pro 

11 

»*4 

8  8 

98*4 

*8% 

24% 

9f% 

7  2% 

o.t-a 

Post 

11 

8 

8  8 

95*4 

9*% 

94*4 

#6% 

6  8 

9  91 

Pro 

9 

i‘4 

11  4 '4 

94*4 

96 

96% 

96% 

7  4% 

Post 

9 

i'4 

11  4‘4 

98*4 

96 

86% 

H% 

7  2% 

Pro 

11 

7*4 

8  8*4 

W‘4 

62% 

89*4 

— 

6  U% 

3.2k 

Port 

11 

7»/4 

•  *‘4 

92 

62% 

59% 

— 

7  3% 

9  9l 

Pro 

9 

i*4 

11  4*4 

M 

96 

95% 

96 

7  2 

9*21 

Post 

9 

l 

u  4*4 

95*4 

66 

*% 

96 

T  5% 

3,2m 

Pro 

11 

e*4 

8  7% 

92% 

62*4 

59*4 

— 

4  10% 

Port 

11 

8«4 

8  7*4 

92% 

63% 

69*4 

— 

4  6% 

*  Preohot  measurements  on  D  -  18;  Pootsbot  moasuroiaoitU  on  D  *  !>. 
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TABLE  3,3  NL'CLEAK  RADIATION  MEASUREMENTS 


Preshot  and  postshot  photographs  of  the  interior  of  two  of  the  concrete  conduits  are  shown 
in  Figures  3.1  through  3.5.  Significant  cracx*  ow-irr-td  m  one  concrete  conduit  (3.2e).  The 
cracking  m  the  other  two  concrete  sections  was  barely  noticeable  and  is  hardly  detectable  on 
photographs,  consequently  crack  pattern  drawings  for  all  concreti  conduits  are  Included  in  the 
form  of  developed  sections  as  Figures  3.6  through  3.11. 

The  entrances  to  all  test  sections  and  all  timber  bulkheads  were  In  excellent  posts  bot  con¬ 
dition. 

3.2  ENVIRONMENTAL  HAZARDS 

A  small  amount  of  dust  and  wood  splinters  accumulated  on  the  fallout  trays  and  microscopic 
slides  placed  m  the  concrete  conduits.  No  missiles,  such  as  spalled  concrete  or  mortar,  were 
observed  in  any  of  the  missile  traps  placed  inside  the  concrete  conduits.  The  dust  and  wood 
splinter  samples  obtained  will  be  analyzed  and  significant  find  lags  will  be  reported  In  the  Op¬ 
eration  Plumbbob  Project  33.5  final  report. 

Those  structural  measurements  which  ^..tribute  to  environmental  hazards  (accelerations 
and  internal  pressures)  are  presented  in  Section  3.1. 

3.3  RADIATION  MEASUREMENTS 

On  this  project,  neither  direct  thermal  radiation  tsar  nuclear  radiation  from  fallout  xmro  at 
significance,  consequently,  the  radiation  of  interest  consisted  of  Initial  gamma  nod  neutron 
radiation.  Results  are  presented  in  detail  in  Appendix  C.  The  gamma  and  neutron  cloaca  are 
summarized  In  Table  3.3.  Freo-fleld  neutron-flux  data  are  Included  In  Reference  12. 


Chapter  4 

DISCUSSION 


Complete  scratch  deflection  records  were  obtained  in  nine  conduits,  iurti.il  scratch  deflection 
records  were  obtained  tu  three  conduits,  and  eleven  of  a  tot.il  ot  twelce  internal -pressure  mattes 
rei  orchil.  All  dynamic  accelerometers  func  turned,  however,  sell  -rec  circling  acc  c,lerometers 
used  as  backup  foi  electronic  measurements  produced  somewhat  ipicsl tunable  values. 

It  was  not  possible  to  recover  the  neutron  threshold  device  from  (  onduits  3.2f  at  D*45  nun  - 
utes  as  planned;  howe  ver,  radiation  mcasurciut  tits  Irom  a  ehcimc.il  dosimeter  m  this  conduit 
provided  a  valid  rc adult;.  The  neutron-threshold  device  was  lodged  in  the  recovery  tube  be¬ 
cause  of  excess  sand  entering  the  capped  end  of  the  tube.  An  identical  recovery-tulie  arrange¬ 
ment,  however,  worked  verv  .,atisfactonly  in  adjacent  structures  of  Operation  Plutnbbob  Proj¬ 
ect  3.3  (Reference  13). 

Photographs  and  survey  measurements  provided  sufficient  documentation  of  general  postshot 
condition  and  residual  deformation  of  the  conduits  respectively. 

4.1  STRUCTURAL  ADEQUACY  OF  CONDI  ITS 

The  structural  measurements  have  been  presented  in  Chapter  3.  I'lie  criterion  for  struc¬ 
tural  adequacy  m  this  case  is  that  the  structure  maintain  its  general  form  and  stability,  that 
is,  that  the  structure  docs  not  collapse,  and  tlut  deflections  are  not  great  enough  to  preclude 
tlie  sue cessl ill  iHTlnrmancc  of  the  structure  as  a  prmectivc  shelter.  None  of  the  conduits  col¬ 
lapsed  and  ni.txiinuu!  changes  m  conduit  height  were  about  one  me  It.  fhus,  the  test  results 
indie  ate  the  strut  tural  suitability  of  tlie  c  csiduits  for  use  as  jicruoiinel  shelters,  if  used  under 
conclilmus  identical  to  those  ot  tliis  test. 

If  prose  '  knowledge  will  permit,  it  is  very  desirable  to  make  general  conclusions  that  are 
applicable  to  other  t  auditions.  To  do  this,  it  is  neci  usury  to  have  an  understanding  of  the  rc- 
aitinn  of  the  various  soils  to  air-blast  loading,  the  reaction  of  the  structure  to  the  resultant 
soil  loading,  ind  the  interaction  of  the  structure  resjionse  and  the  soil  reaction.  The  remain¬ 
ing  paragraphs  of  Hits  section  discuss  this  in  more  detail. 

4.1,1  road8  Acting.  An  air-blast  load  Induces  a  i  round  shock  wave  which  Is  propagated 
through  tin  soli  to  the  structure.  This  ground  sliock  wave  interacts  with  the  buried  structure 
i  ausnig  the  slrm  lure  to  deform.  The  deformation  of  the  structure  ha.,  a  major  effect  on  the 
contact  pressure  at  the  soil-structure  interlace. 

For  this  lest,  oieasurni  free-fteld  overpressures  ranged  trom  Ik)  to  14!)  psi  and  durations 
wort  Irom  .’III.  In  'Kil  msec.  'Hit  air  pressure  wave  b>rni  was  char.u  teri/.cil  by  a  slurp  rise 
ol  pressure  In  a  lust  low  |ieak  followed  by  a  plateau  or  a  slight  decay,  then  a  second  much- 
higher  pc  Uc,  billowed  try  a  dec  ay  to  zero  pressure  (Kcferem  e  14).  I  lie  time  interval  between 
initial  art  ival  of  the  air  blast  and  peak  overpressure  was  of  the  order  of  50  to  100  msec.  Thus, 
the  loads  acting  at  the  ground  surface  are  known  to  test  accurai  y  but  the  earth  i. reuses  acting 
on  the  structures  were  not  measured  and  are  not  known. 

If  a  semi-infinite  homogeneous  elastic  medium  Is  subjected  (o  an  atr  blast,  the  maximum 
vertical  stress  at  any  depth  is  the  same  as  the  applied  atr  blast,  the  vertical  strain  ts  propor¬ 
tional  to  the  stress,  and  the  instantaneous  particle  velocity  is  proper!  I  mat  to  the  instantaneous 
stress  (R<. fcrcai  c  15).  But  the  assumotK—.  of  a  truly  elastic  medium  unpin  s  no  energy  toss  in 
the  transmission  ol  a  stress  wave,  ic-ferem  e  15  states,  "ll  is  known  that  tin*  dyn.  me  stress- 
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strain  curve  in  earth  presents  a  constderabU  hysteresis  loop,  representing  a  dissipation  of 
energy.  Tins  loss  proliably  results  largely  1.1  the  eating  away  of  the  shock  front,  increasing  the 
rise  tune  with  increasing  depth.  ” 

if  a  senn-infimte  homogeneous  soil  mass  is  subjected  to  a  step  function  toad  of  infinite  dura* 
tlon,  the  ultimate  vertical  stress  at  any  depth  is  the  same  as  the  applied  load.  But,  as  stated 
by  Reference  16,  "In  the  real  ease,  the  finite  velocity  and  duration  of  the  blast  wave  cause  an 
attenuation  of  peak  stress  with  depth.  This  attenuation  is  obviously  a  function  of  duration  and 
should  be  less  with  longer  durations,  but  the  nature  and  magnitude  of  this  function  are  not  evi¬ 
dent  from  presently  available  data.  The  peaked  form  of  the  input  also  permits  reflections  from 
layers  >. '  different  acoustic  impedance  to  effect  the  shape  and  magnitude  of  the  stress  wave”. 

We  know  from  atomic  field  tests  that  for  relatively  short  duration  blasts  over  silty  Frenchman 
Fiat  soil,  there  is  some  attenuation  ol  frec-ftetd  peak  acceleration  with  Increases  in  soil  depth 
(References  11  and  15).  For  the  same  conditions  other  investigators  liave  observed  an  attenu¬ 
ation  with  deptli  of  pressure  acting  on  a  buried  stress  gage  or  structure  (References  3,  17,  18, 
and  19).  The  amoiml  of  reduction  of  pressure  depends  on  the  flexibility  of  the  structure  (Ref¬ 
erences  3  and  19). 

The  field  test  data  do  not  agree  as  to  the  rate  of  attenuation  with  depth,  particularly  in  the 
first  few  feet.  Measurements  made  by  Operation  Upshot-Knothole  Project  1.4  (Reference  17), 
using  Carlson-Wiancko  earth  stress  gages  at  1-,  5-,  and  15-foot  depths,  suggest  a  logarithmic 
or  an  inverse  power  attenuation  of  vertical  earth  stress  as  a  function  of  depth.  Some  1-  and  5- 
fool  deep  gages  indicated  an  apparent  earth  stress  greater  than  the  surface  air  overpressure. 

But,  according  to  Reference  17,  the  near  surface  data  was  erratic  and  less  dependable  than 
the  data  from  the  15-foot  deep  gages.  In  contrast,  measurements  made  by  Operation  Plumbbob 
Project  1.7  (Reference  19),  using  a  calibrated  2-foot  diameter  diaphragm  as  a  gage,  suggest 
that  the  rate  of  stress  attenuation  is  greatest  in  the  first  few  feet  below  ground  surface. 

For  quite  different  conditions  at  Eniwetok  Proving  Ground  (EPG)  the  iibservcd  results  were 
somewhat  different.  The  two  EPG  detonations  were  at  the  ground  surface;  one  produced  a  rel¬ 
atively  long  duration  blast,  the  other  a  relatively  short  duration  blast;  and  the  soil  at  EPG  Is 
predominately  coral  sand  with  the  water  table  only  a  few  feet  below  ground  surface. 

Frco-ficld  data  taken  at  EPG  indicates  greater  attenuation  with  depth  of  local  air-induced 
acceleration  than  at  NTS  (Reference  16).  The  same  investigators  observed  that  air-induced 
ground  shock  waves  were  refracted  through  the  earth,  from  remote  locations  nearer  ground 
rare,  to  contribute  significantly  to  earth  acceleration  readings.  Beyond  a  certain  range  the 
earth  tram  nutted  wave  front  outran  the  air  blast  wave,  thus  masking  locally  air-induced  effects. 

Preliminary  data  obtained  by  another  project  prompted  the  following  conclusions  quoted  from 
Reference  20:  "The  data  suggests  that  there  exists  a  considerable  effect  of  structure  flexibility 
on  the  pressures  on  structures  buried  both  above  and  below  the  water  table  in  this  soil.  ”  and, 
"The  data  also  suggests  that  a  large-magnitude  surface  burst  can  produce  very-large  horizontal 
water-transmitted  pressures,  which  will  be  greater  than  the  air-induced  pressures  below  Uie 
water  table.  ” 

Operation  Hardtack  Project  3.2  tested  two  earth  covered  25-foot  span  corrugated  steel  180- 
degroc  arch  structures,  one  subjected  to  90-psi  overpressure  from  a  kiloton-range  detonation 
and  the  other  subjected  to  78-psl  from  a  niegatlon-range  detonation.  Reference  21  reports 
“Since  the  two  arch  shells  were  identical  nid  the  confining  earthworks  were  almost  identical, 
the  fact  tliat  .Structure  3.2b  suffered  complete  collapse  at  78  [Wt  (long -duration  loading),  and 
Structure  3.2a  sustained  extensive  localized  damage  without  complete  t  ollapsc  at  90  psl  (short- 
duration  loading)  is  .significant.  ” 

With  the  exception  of  References  3  and  17  the  references  cited  above  are  preliminary  test 
reports  subject  to  further  analysis,  development,  and  possible  revision.  These  preliminary 
reports  do,  however,  paint  out  some  of  the  many  variables  that  may  effect  the  air- Induced 
ground  load  acting  on  a  buried  structure,  for  certain  limited  test  conditions.  But  a  quantitative 
understanding  of  the  effect  of  all  significant  variables  is  required  before  the  test  data  can  be 
used  to  predict  pressures  result  tag  under  other  conditions. 
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4.1.2  oi  Structures.  A  bun 'd  conduit  type  st nu  t  ire  lus  a  certain  inherent  st rcngtli 

due  le  'if,  (in  hi  ,im|  iii.ifen.il  elurncleriM  es.  But  il  it  is  a  ivtatiuU  flexible  structure  as  were 
Hu  steel  mml. ill:,  tested,  il  must  dt  pend  <>ii  the  sm  rounding  soil  tor  .1  targe  part  of  its  strength, 
tteuiioned  tom  u  le  i  iriular  i  unduits  an  rt  lativelv  less  Uexibte  Hun  steel  conduits  and  there¬ 
fore  de  >end  u|hmi  the  surrounding  soil  to  a  lesser  dtgrer. 

A  Inn  led  cm  ular  flexible  i  oiiduit  subject!  d  to  blast  load  b  mis  first  to  deform  into  an  ellip¬ 
tic  al  shape.  Both  the  isissive  earth  pressure  ami  the  air-blast  induced  ground  pressure  resist 
this  deformation.  It  is  |Hissihte  for  higher  forms  ol  defier  tun  with  more  stress  reversals  to 
take  pl.u  e.  dcjieiidiiig  ii|miii  the  loading,  the  eharaeti  ristics  ot  the  structure.  Jiui  the  deforma- 
tion  i  lu.r.n  tensiu  s  of  (he  surrounding  soil.  Sr  rail  li-gage  records  indicate  a  maximum  tran¬ 
sient  reduction  m  internal  height  of  the  circular  sice!  conduit  of  0.8  and  O.'J  |ierceut.  Survey 
mi  asiircniciits  militate  tliat  tins  type  conduit  lieramc  more  elliptnal  sha|K’d  during  the  period 
Irnm  D-  Ut  da  vs  to  1)  •  !t  days.  Some  of  the  change  ill  verlie.il  dimension  is  no  doubt  due  to 
joint  slippage. 

Si  rati  li-gige  records  indicate  a  maximum  transient  reduction  in  internal  heigh!  of  the  eir- 
i  ulai  com  role  inuduits  of  0.3  and  0.0  percent.  Survey  measurements  indicate  tliat  this  type 
conduit  also  lecaine  more  elliptical  sha|>cd  during  the  period  fiom  I)- 18  days  to  I) *9  days. 

Note  that  the  peak  transient  reduction  in  height  is  si  mewliat  less  than  that  for  the  circular 
steel  conduit  -i.  Bui  an  examination  of  the  survey  data  given  m  Table  3.1  will  show  changes  in 
sltaiie  of  the  concrete  conduit  as  great  as  those  for  tue  steel  roiduit.  It  is  reasonable  to  be¬ 
lieve  that  the  lom  rele  conduits  tested  gained  some  .  trenglh  from  Hit  passive  soil  resistance 
although  it  was  protxibly  considerably  less  than  did  Hie  more  ilexilile  steel  conduits. 

Si  rale  li-gage  leiords  indicate  maximum  truimlct  1  reduclu  ns  m  ..teriul  height  of  the  steel 
calllc-pus.s  type  structure  of  from  0.3  to  1.1  (lereem.  Survey  data  'tidicaies  a  decrease  in 
width  ol  Hus  type  conduit  during  the  |>criud  froiuD-  18  days  ti  D  * 'J  days.  This  suggests  the 
IKissilnlilv  that  this  type  conduit  assumed  a  high  for.n  of  deflection  slope  characterized  by 
several  stress  reversals  around  its  periphery. 

Unfortunately,  transient  measurements  of  change  in  width  of  any  of  the  conduits  were  not 
taken. 

4.1.3  Extrapolation  of  Results.  Present  knowledge  is  not  sufficient  to  permit  direct  extrap¬ 
olation  of  these  test  data  to  other  conditions.  The  loads  acting  on  the  ground  surface  during 
the  les  are  known  (o  a  reasonable  accuracy.  But  the  loads  act'ng  at  the  soil-structure  inter¬ 
face  are  deft  ulely  net  know.  Since  a  gravelty-silty-sand  material,  rather  than  the  natural 
Frenchman  Flat  soil,  was  used  for  backfill,  the  attenuation  data  obtained  by  other  Operation 
Plumbbob  projects  is  mil  valid  for  this  project.  References  16.  20.  and  21  indicate  some  of 
the  great  diflcrem  es  In  loading  and  response  to  be  i  *  pec  ted  for  conditions  differing  from  those 
existing  during  Oimration  Plumbbob. 

4.2  INTERNAL.  ENVIRONMENT  CONSIDERATIONS 

4.2._£  Arcelinr.it ion.  Peak  downward  accelerations  of  5g  and  8g  with  durathms  of  about 
50  msec  were  no  .mured  at  the  i  unouil  floor.  An  upward  ai  eelerutioii  ot  suulter  (teak  magni¬ 
tude  followt  d  the  initial  downward  .icreleratlnu.  For  different  soil  and  ilelnnaliou  i  onditlons 
a  i  ompli  It  ly  dillereut  magnitude,  duration,  direction,  and  sii|uem  e  of  an  eler.it mil  loading  is 
txissible  (Reference  16). 

IlcfereiiLe  22  states  that  for  human  licungs  the  tolerable  limit  of  acceleration  depends  to  a 
great  extent  upon  the  manner  m  which  the  forces  arising  act  on  the  body.  This  reference  re¬ 
ports  studies  made  to  determine  the  tolerable  limits  of  acceleration  on  a  human  strapped  into 
an  aircraft-type  seat.  The  investigator  reports  that  a  person  so  supported  can  tolerate  20g’s 
deceleration  of  a  forward  moving  9eat  for  a  duration  ol  a  few  hundred  milliseconds  without 
injury.  The  same  studies  resort  that  a  man  so  supported  can  wittintand  an  upward  acceleration 
of  the  seat  of  u » to  about  20 g  s  for  100  msec  without  injury.  But  r  cannot  be  assumed  that 
she  ter  out  upan.t.s  will  be  so  veil  supported.  Obviously,  no  general  statement  can  be  made 
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regarding  acceleration  effects  on  personnel  without  considering  tlie  numier  in  which  the  result¬ 
ing  forces  act  on  tlu*  |>c  sonnet. 

If  the  accelerations  measured  m  this  test  are  thought  to  be  excessive  for  certain  shelter 
uses,  their  effect  could  i>c  reduced  by  installing  the  necessary  shock  isolation  mechanisms 
inside  the  structure. 

4.2.2  Pressure.  Peak-pressure  gages  indicated  overpressures  of  up  to  3.?  pat  Inside  the 
conduit  sections  but  the  reliability  of  these  data  is  questionable. 

Heferenie  23  reports  that  the  atomic  explosions  in  Japan  during  World  War  U  resulted  in 
“no  cases  of  direct  damage  to  internal  organ3  by  the  blast  among  the  survivors  although  there 
were  some  ruptured  eardrums.  “  This  reference  also  states,  “The  air  blast  overpressure 
required  to  cause  rupture  of  eardrums  appears  to  be  highly  dependent  upon  circumstances. 
Several  observations  indicate  that  the  minimum  overpressure  is  m  the  range  from  10  to  15 
poundb  per  square  inch,  but  both  lower  and  higher  values  have  been  reported. "  Even  If  over¬ 
pressures  were  as  high  as  3.7  pst  in  'ie  test  conduits,  it  Is  very  unlikely  Uiat  such  a  condition 
would  be  hazardous  to  personnel. 

A  possible  explanation  for  the  internal  pressures  is  that  they  were  caused  Ir*  a  leakage  be- 
t'veen  the  individual  wood  members  of  the  bulkhead  used.  The  end  walls  were  not  intended  to 
serve  as  endwalls  of  an  actual  shelter;  they  were  included  only  to  provide  an  economical  end 
closure  for  the  test  section.  An  impregnated  joint  fitter  strip  was  used  between  the  test  sections 
of  the  conduits  and  the  bulkheads  to  avoid  pressure  tnflttration  at  those  points.  A  similar  im¬ 
pregnated  joint  filler  was  placed  between  the  vertical  entrance  trunk  end  steel  cover  plate  to 
similarly  avoid  pressure  infiltration  at  these  points.  In  any  case,  the  Internal  pressures  were 
of  magnitudes  such  that  the  structural  behavior  was  probably  not  appreciably  affected.  To 
repeat,  the  endwalls  and  entrances  were  not  intended  to  be  satisfactory  for  an  actual  shelter. 

A  final  shelter  design  could  certainly  provide  adequate  sealing  to  prevent  harmf-l  internal 
pressures. 

4.2.3  Missiles  and  Dust.  In  all  three  concrete  conduits  in  which  missile  traps  were  Installed, 
no  evidence  of  a  missile  was  observed.  In  alt  three  concrete  conduits  in  which  a  dust  investiga¬ 
tion  was  made,  debris  varying  Irom  microscopic  particles  of  dust  to  discrete  pieces  of  mortar, 
wood,  and  smalt  aggregates  of  dirt  were  observed.  According  to  Reference  8,  it  Is  believed 
that  under  the  conditions  of  shelter  expoeure  occupants  of  the  conduit  shelters  would  have  suf¬ 
fered  no  harm.  The  dust  might  have  been  annoying  to  personnel  and  might  have  interfered 

with  certain  operations. 

4.3  NUCLEAR  RADIATION  SHIELDING  EFFECTIVENESS 

Since  the  maximum  nuclear  radiation  dose  that  may  i>e  measured  with  a  film  peck  Is  70,000  r, 
no  experimental  method  was  availabb  for  direct  measurement  of  the  high  dose  received  at  the 
frcc-fietd  stations  close  to  ground  zero.  The  frce-flcld  gamma  measurements  listed  in  Table 
C.l  of  Appendix  C  were  obtained  by  extrapolation  from  data  obtained  for  Project  2.4.  It  ts 
recognized  that  the  validity  of  the  linear  extrapolation  to  close  ranges  ts  open  to  question  but 
no  other  procedure  presented  itself.  Free-fleld  neutron  dosimeter  readings  are  also  listed  ta 
Table  C.l. 

The  maximum  dose  inside  any  conduit  was  received  In  3.2f  haring  5  feet  of  earth  cover.  The 
gamma  dose  was  7.7  r  and  neutron  dose  <10  rep.  According  to  Reference  24  the  probability  ts 
that  this  dose  would  produce  no  significant  medical  effects  on  human  beings.  Thus,  it  ts  evident 
that  all  conduits  provided  adequate  protection  against  nuclear  radiation  under  the  test  conditions. 
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Chapter  § 

CONCLUSIONS  and  RECOMMENDATIONS 


5.1  CONCLUSIONS 

Based  on  the  field  test  results,  it  is  concluded  tlut  all  types  of  conduits  icstt-u,  ...rrugatod 
steel  circular,  corrugated  steel  caUlo-iuss,  ami  concrete  cucul.ir,  will  provide  adequate 
Class  1  (100-psi  overpressure  and  comparable  radial  tons'  protection  tor  tin-  same  conditions 
(loading,  soil,  dimensions,  etc.)  as  those  of  this  lest. 

In  addition,  for  the  jiarticular  conditions  of  this  test  ami  within  the  accuracy  ol  the  over¬ 
pressure  measurements,  it  was  observed  that: 

(1)  The  corrugated  steel  cattle-|iass  conduit  with  7.5  feet  of  earth  cover  withstood  a  peak 
overpressure  of  149  psi. 

(2)  The  corrugated  steel  cattle-pass  conduit  with  5  feet  of  earth  cover  withstood  a  peak 
overpressure  of  12G  psi. 

(3)  The  corrugated  steel  circular  conduit  with  7.5  feet  of  earth  cover  withstood  a  peak 
overpressure  of  126  psi. 

(4)  The  precast  -onrrctc  circular  conduit  with  7.5  feet  of  earth  cover  withstood  a  peak 
overpressure  of  126  psi. 

(5)  All  conduits  tested  provided  adequate  protection  against  nuclear  radiation. 

Present  knowledge  does  not  justify  making  more  general  conclusions. 


5.2  RECOMMENDATIONS 

If  future  tests  arc  made  on  similar  structures  it  is  recommended  that  the  structures  be 
instrumented  to  obtain  the  following  data: 

(1)  Soil  pressure  versus  time  at  the  soil-structure  Interface  at  several  points  around  the 
structure  periphery. 

(2)  Soil  pressure  versus  time  at  points  In  the  soil  cover  between  the  earth  surface  and 
the  structure. 

(3)  The  relative  motion  of  the  structure  with  respect  to  an  undisturbed  point  in  the  earth 
as  a  function  of  lime. 

(4)  The  change  in  shape  of  the  structure  as  a  function  of  time. 

(5)  Air  pressure  versus  time  inside  the  structure. 

(6)  All  time  records  should  have  a  common  zero  reference. 

There  is  a  need  for  further  study  into  the  nature  of  shock  propagation  through  soil.  Many 
questions  are  .is  ycl  unanswered  regarding  the  attenuation,  reflection,  and  refraction  of  shock 
energy;  regarding  the  partition  of  energy  when  a  shock  wave  meets  an  air-soft  boundary,  a 
water-soil  boundary,  an  unsaturated  soil-saturated  soli  boundary,  or  a  structure-soil  bound¬ 
ary;  and  regarding  similitude.  It  is  recommended  that  these  questions  be  thoroughly  studied, 
both  analytically  and  experimentally,  If  we  are  to  obtain  a  rational  solution  to  the  underground 
structure  problem. 


Appendix  A 
CONSTRUCTION 


A.  I  RESPONSIBILITIES 

Construction  for  this  project  wss  accomplished  by 
mean*  of  a  cost-plus-foe  contract  administered  by 
Hie  Armed  Forces  Special  Wcajiong  Project  and  the 
Atomic  Energy  Commission.  Excavation  survey  for 
this  project .  imimcneed  at  Frenchman  Flat  of  the 
Nevada  Test  Site  on  5  Match  1957;  actual  construc¬ 
tion  started  on  II  March  t‘J.r>7,  backfill  commenced 
on  Si  April  1957,  and  had  been  completed  on  the 
final  structure  on  4  June  1957.  Construction  of  all 
structures  was  performed  by  Reynolds  Electric  and 
Engineering  Company  (RKECO)  with  Holmes  and 
Narver  (ll&N)  serving  as  general  construction  inspec¬ 
tor.  The  Bureau  of  Yards  and  Docks  project  oi fleer 
served  as  technical  inspector  at  the  site  in  connec¬ 
tion  with  critical  construction  details.  A  sail-survey 
program  was  conducted  by  thu  Waterways  Experiment 
Station  (Project  3.H). 

A. 2  CONSTRUCTION  DETAILS 

Schemutic  drawings  of  all  conduits  are  incltsled 
in  Chapter  J  of  the  principal  text.  A  dulail  drawing 
of  llw  neulron-threshold-ilovlcc  recovery  tube  is  In¬ 
dicted  In  Figure  A.l.  In  onlor  to  provide  additional 
details  of  procedures  usod  for  construction  of  tiia 
test  structures,  construction  photographs  aro  Includ¬ 
ed  as  Figures  A. 2  through  A. 5. 

Selected  portions  of  the  construction  specific  itlons 
ure  given  on  Page  45. 

A.  l  SOIL  SURVEY  PKOCHAM 

A.. l.l  Soil  Data.  Tito  soil  survey  program  (jiroJ- 
orl  :t.H)  consisted  of:  (I)  compaction  control  (sand 
density  metlssl)  duitng  liackfill,  (2)  record  samples, 

(it)  soil  tests  in  WES  laltornlories,  (4)  soil  testa  at 
NCKI„  ats I  (5)  deter mutation  ol  water  contunl  oi  back¬ 
fill  Ituforu  sliot.  S|H-<  iflcntlons  lor  backfill  are  includ¬ 
ed  in  Appundix  A  2. 

Sieve  analysis,  i  lassifli  ntlon,  ami  compaction  test 
il.da  or  the  soil  usod  for  backfill  are  included  m  Fig- 
uie  A. 8.  Density  and  moisture  content  measurements 
utilized  for  compaction  control  during  backfilling  oper¬ 
ations  are  included  in  Table  A.l. 

Triaxlal  shear  tests  were  performed  by  NCEL  on 
one  sample  each  from  fill  over  conduits  3.2f  und  3.21. 
The  tests  were  performed,  using  2.8-inch  diameter 
specimens,  or  -Vj-inch  fraction  (93.8  percent  of  total 


and  94  iwrcent  of  total  lor  3-2f  and  3.21,  respectively); 
the  rate  of  strain  was  0.1  in/mm.  The  results  are 
given  in  Table  A. 2. 

The  results  of  chemical  awl  sjiectrographlc  analyses 
which  have  been  performed  at  NCEL,  and  the  density 
ami  moisture-content  measurements  taken  at  the  site 
(Project  3.8)  are  included  in  Tat  i  A. 3.  Additional 
ilala  on  the  natural  soil  at  Frenchmen  Flat  and  on  the 
gravelly  silty  sand  used  for  backfill  la  includeo  In 
Reference  25. 

A.3.2  Excavation  awl  Backfill  Operations-  The 
earth  was  excavated  so  Uiat  the  lost  conduit  sections 
would  be  completely  surrounded  by  s  gravelly-silty  - 
sand  backfill.  The  earth  excavation  lines  are  shown 
in  Figures  2.6,  2.11,  and  2.15.  Compactloa  of  back¬ 
fill  for  this  project  was  performed  In  a  manner  as 
nearly  similar  to  stamlard  construction  practice  a  as 
practicable.  The  entire  fill  was  coiopleted  in  order 
to  simulate  an  actual  Installation,  whereby  natural 
cnnsollitaUon  would  compact  thu  rectorial  within  a 
period  of  several  months.  The  backfill  malarial  was 
excavated  from  a  preselected  area  to  an  approximate 
depth  of  6  feet.  The  soil  was  removed  from  the  pit 
using  self-propelled  scrapers,  together  with  loading 
pusher  Cats,  hauled  to  the  site  of  backfilling  in  the 
scrapers,  and  stockpiled  at  each  structure  excavation. 
During  the  digging  of  the  backfilling  material,  water 
trucks  kept  the  surface  of  the  soil  well  saturated.  An 
effort  was  made  to  keep  each  scraper  load  as  uniform 
as  possible  by  scooping  soil  at  angles  so  that  material 
from  the  surface,  as  well  as  material  from  a  5-foot 
depth  was  Included  in  each  scraper  load. 

The  backfill  stockpiles  wore  not  processed  further 
except  for  wotting  the  surface  of  each  stockpile  with 
a  water  truck  prior  to  the  start  of  backfilling  opera¬ 
tions  each  day  to  prevent  excessive  surface  drying. 

By  placing  thu  backfill  material  in  6 -to- 8  inch  lifts 
with  u  clamshell,  the  utilizing  compaction  methods 
described  In  thu  next  paragraph,  compaction  retire¬ 
ments  (90 -percent  maximum  density  at  optimum  mois¬ 
ture  content)  were  satisfied. 

Up  to  a  point  approximately  6  feet  above  tbs  base 
of  the  conduits,  tbs  6-’,nch  pneumatic  tampers  shown 
in  Figure  A.7  were  used  in  s  pattern  .Hustrsted  in 
Figure  A. 8.  From  the  6-foot  level  to  a  level  3  feet 
above  each  conduit  section,  gasoline-driven  vibrating 
rollsrs  wore  used.  F«  ur  passes  over  each  ares  pro¬ 
vided  ample  compaction  effort.  The  operation  of  the 
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EXCERPTS  from  CONSTRUCTION  SPECIFICATIONS 


h  irthwt'ik  h  .nth  lei  luiktill.tix!  (til  iu.iicrt.ti  «  U 
lurmsk  «t  l*\  Hit  lifVi  imitt'iil  to  (Ih  « ■Milrat  lor  lot  ft  *~ 
}mrlittii*ii  In  in m  (loin  I mii  •ini  jm lx  I.k  .lift!  within  1  m  es 
of  tlx*  Mlt*  «»l  (In*  Wi*i  k  Ikirruw  pits  .slull  bo  gru«h*d  i  a 
iii.tniH4!  to  .Irani  profx  1 1\  mi  tlut  llx  cxi*Ung  surface  ir.un- 
age  will  l«e  maintained  Any  surplus  earth  riot  requii  *d 
In*  tilling  Ixn  kli llinji  skill  Is.*  removed  and  deposit  d 

uithln  foot  ol  tlx  itlli’  tif  the  work  .is  directed.  jolt 

pits  skill  U  graded  hi  .1  maimer  lo  dram  proix*rl\  so  th.ii 
Iht-  existing  mu  (.loo  «!i  .image  will  lx*  maintained. 

!■  \t .nations  **kill  Ik*  tarried  to  ihr  contours,  tinm  n- 
situi**  .iu«:  depth*  iihIk.iUiIoi  ix'ccs*ary  Kv  avatioii*. 
t  .11  I  Oil  UdoW  tlx*  tJoplllN  unlit  .tivt!  Without  spot  it u  dire* 
Ii»mik  shill  lx.*  i olt! loti  In  tlx*  piopci  gsade  with  UvouKigfiU 
t  niitp.it  toil  mi i table  till,  extepl  that  in  cxeav.il urns  lor  fool 
tup,  hi  Sm  Inn  ted  t  mih  it  to  iintiiltei  *  tin*  ooim  rett  skill 
In  exit  iitKMl  to  Hie  Ixitlolo  «ii  tin-  cXl  .IV.IIloll,  all  -nMilioil.il 
Mink  «if  Iht*.  ii.itmx*  skill  Im-  iloix:  .it  ih»  .uklttiim.il  cost  to 
tin*  f.ovcl  miM-nt  AM  ext  avail  mi*  iu.iv  lx-  ni.uk'  t»v  imMIls 
«•!  iiiacliiues.  cxicpi  lii.il  llx*  last  mx  im*lx*s  ol  earth  anil 
tlx-  ti  miming  of  (lie  excavation*  shall  lx:  done  l>v  kiixl  in  a 
<  areluil  ar«  urate  iiiauis:i  in  tlx:  exact  gradt  »  and  xlihiea 
i  to  In  .licit  oi  directed  hxt  rente  rare  shall  be  oxen  I -tod 
lo  s!m|h  (In  IkiIIoIus  ot  excavations  for  eir*  ulat  nisi  irrcg- 
ul  it  sita|R*«i  tneiiiliet >  to  Mx*  ttuiliNii  ix'icsrau  lopiovidt 
♦  mitiMiHHi.s  olid  Inuring  lot  the  iih  inlxirs.  Prior  to  buck  - 
till  opci.ttiomi,  .ill  ik.hi  in,  mis  h,  aixl  oilier  loose  silt 
slull  lx*  teiiioved  from  tlx*  exeavxtions 

|i.i«*kl  1 1 1  shall  lx*  taki  ii  horn  a  sand  aixl  gravel  pi;  ( selec¬ 
ted  J»v  Mx*  project  idliier)  excavated  nntioroilv  to  a  «ie|Hh 
ot  '»  feel  aisl  shall  lx*  pt.n  iil  in  h-inclt  lifts  in  a  nuinier 
tlut  will  not  cause  scgiegalton  of  the  Isukflll  malarial. 

AM  tut  k  Iil  I  and  till  slull  l«-  coiupa*  ted  to  at  least  SO  per 

1  cut  iii.iMimim  «k*nsi(\  at  o|itiimmi  moisture  content  by 
moans  of  |Hx*um.ith  oi  other  mcchantcal  compaction  equip¬ 
ment  AM  kicklill  plated  within  2  tout  of  the  slnH*turc 
slull  lx.*  tree  lion*  rock*.  Ixxtlders,  and  clods  larxer  than 

2  inches  at  l he  groa'csl  iltmenslixi,  aixl  vogvUhlu  mnltct 
awl  other  debus,  otheiwt.se  th»*  ktcklHI  material  may  lx* 
used  is  ohtaiisa!  from  I  lx  pit  Tlx*  luck  MM  slull  Iw  plxeeil 
tn  .tll'Tiwto  layers  trom  Imth  so  Ms  ot  the  structure*  main 
taming  as  neatly  as  pi  at  to  able  a  uniform  (might  of  back 
fiM  at  all  this's.  In  ini  «  a  so  xhixild  llx:  backfill  on  one  ehk* 

Is*  i  ai  t  led  more  llun  I  ’  tnelicH  higher  th:u*  on  thn  t^ifxwfti* 

shM-  t  hi:  . . lent  aixl  density  of  Ms-  soil  will  lx: 

ik-ier  mi is*< I  by  l*Mi|c«  I  •  H  l|  it  is  delcrmirs’d  Ihat  mots 
ton-  unis!  lx  .uklrtl  lo  IIh  existing  stix-k  |dle»l  material, 

tlx  methods  pn^Mtsi'd  lo  lx.  iiM.d  by  Mx*  i  i.ntr.n  tor  for  .ukl 
in*:  tho  wain  ,  mixing,  1  ■*  •  slull  lx*  .i|»pmvtd  l>y  tlx*  pro) 
•slot  In  i- 1  pilot  In  llx  .1  ii  t  of  lm«  Milling  o(x*i  .ilitsm  In 
am  •  a  si*,  all  priHs:ssin*:  imfuiietl  lo  «4»l:itr»  the  sjxh'iMed 
w.ili't  content  shall  lx*  o  •  omplislied  U'lmc  tlx*  material 
is  plaied  iroumi  or  »»vci  lie  slrueluies  H*  earth  fill 
shall  lx*  maintained  within  a  tolerance  of  plus  nr  minus 
1  ,t  of  a  fool  on  Hie  cover  Prior  to  backfilling,  the  con¬ 
tractor  shall  ascertain  that  end  bulkheads  are  plumb  and 
ate  not  separated  from  the  conduit  section*.  Backfilling 
bluli  not  be  started  until  the  contractoi  is  certain  that 
omo  »*artod  a  day-to-day  sequence  of  backfilling  operations 
can  lx*  effected 

hui  ill  moving  cquipim.nl  may  be  used  according  to  itan- 
•laid  practice,  oxcejt  that  rai  heavy  equipment  will  be  wr- 
miKc*  to  ofxir.iU*  ovi  i  tlx  i  r«wn  of  Ms  strut  tuius  uni  I  st 
least  .  (eel  «•(  earth  im  lx*cn  compm  'oil  over  the  top  »f 
llx*  si  inclines  In  no  case  should  wju’pniont  used  lor  com 


{uction  c\» tut  .i  si. i lace  piv.ssmv  ol  ti»  psi  l’rx*imuitic 
kind  tam)K-is  m.i\  in  usc«t  to*  »  otnp-u  Img  the  ki«  ktill  tin 
nuuiiatvk  a i Mao  m  lo  the  mu  laces  cl  tlx*  structure* 

Concrete  CotiMi  ih  lion.  l\»octv(c  uuv  be  remh  nilxts! 
AM  coni  i etc  shall  Ik*  class  I  t  jwt). 

Setting  miM-ell.tix  oas  nuiU  rial  Who*  practicable,  all 
.ux  hors  and  holts  tu  connect itx*  with  oxicrcte  skill  he 
placed  aixl  secured  in  (xudtion  xoen  tlx  concrete  i*  plmod 
Anchors  ami  anchor  Ixills  slull  U*  plnmlxnl  carefully  and 
set  act  in  atclv  ami  shall  be  held  m  jmsitum  rtgidk  to  pro 
\enl  displ.n  ciis-nl  duimg  tlx*  pl.u  lug  ol  tfx*  ixxicrelc 

Com  icti  p»|x*  umlicatot  a*  coatuil)  shall  be  .l.tVli  psi 
si  uxiani  -I length  iotui<in*ol  ..merefe  sewer  pi|x*  iMofoun 
it»4  to  AS  I'M  njx»i  iIicmIkxi  l  m  .»a,  llx*  ts|X*  shall  have 
to<tgue-.inil  gnxni  i«mtts.  I'tn*  macretr  pipe  shall  be  lant 
on  a  solid  lei  *d  c  nib,  all  joint*  shall  U*  butlrmi  with  a 
I  l»>-3  cement  ns»ii  ir  |N*for  to  osscmhU  of  section*.  Attci 
jssombb  .  pmiUs  skill  iv  fillol  to  (U*  k*vel  of  the*  akreut 
surface*  id  Mx*  pifx*. 

Prsfahru  ated  Stnx*turcx  rhs  ingrvss  tunnel  and  pl|x: 
skill  be  of  t  •>  ruga  us  I  steel  culvert  pipe  conforming  to  the 
applicable  ici  urn* men’s  for  Tvix?  t.  Class  2  of  Ki'<tera! 

Sf  ••clMcatiim  «^Q-c  «0<ct,  exc«*|4  that  sox’ -coating  will  not 
lx  required  Metal  shall  xx*»gh  not  less  Mian  psf 
(itaminnl  s  gage)  U  lore  corrugittng  t)|x*ningx  stall  bo 
ei  t  accurntek  ami  fiitetl  n.*ntlv 

Corrugatoo  cube* I  pipe  skill  be  ol  metal  weighing  not 
le  .s  than  r>  i*2  »  psf  ix'foro  corrugating  (nominal  10-goge) 
ami  skill  confoitn  lo  tlx*  ap|dnalife  requirements  of  Kmi- 
ci  d  Sped  fit  ation  C  MlHin.  except  that  it  nay  lx*  black 
or  xtnc'ioalcd  sUvI.  Trpes  tor  the  various  uses  skill  Ik 
ax  follows- 

a.  Cir»  ului  Cnndut'x  *d  amt  hf  shall  be  Typo  l%  Class 
M 

l>.  Cattle  pass  (*<xxiuits  *a,t»,c,f.g,k,  and  m*  shall 
he  Type  11,  Clans  1 

Pipe  tri|nidx  rnjxxl  K*gx  shall  Ixr  til  l*/t  inch  standard 
weight  bl.n  k  pqx:,  leg*  shall  lie  wuldcil  to  n  *4  !,H*h  thick 
steel  base  pluto  up*noximatclv  os  imin.ittxl.  A  steel  angle 
sludl  be  welded  to  tlx*  luxe  plate  to  form  u  seat,  the  aagles 
shall  be  drilled  as  necessary  to  allow  tor  lias  attachment 
oi  tha  government  insimmenta.usi.  t*ri|xxls  skill  lx*  an 
ckircxl  to  IIihh’  slate*  at  ktralHst*  i^xvtliitl  by  the  Project 
chi  tear 

Stool  plate  i  ovci  s  with  kirxllex  skill  lx*  provnhiu  for 
lh»  lo()s  ol  mgiOHM  .skills  to  •  oislults  *  »  through  m*  Tkvx 
skill  bs  of  him  k  si*  \  I  ix4  his*  llun  1  im  Ii  thick  ami  shall 
lx*  lie  hi  In  fNiMlion  with  *aml  tug*  pl.u  ml  over  them  approx 
im  Italy  :t*  nshcaieti 

Carpentry  Gr.i  ling  of  matertols  shall  lx?  In  accordance 
with  the  rules  of  tfx*  association  governing  tho  species  used 
AM  material  subject  to  strobs  shall  luw  a  mtiUmum  fiber 
stress  in  bending  of  I, -(50  psi. 

Wood  laiklers  skill  tie  p_*ov!dsd  in  lieu  of  that  metal  lad- 
iters  indicated  on  Ui  awing  Number  771098.  They  shall 
have  uprights  of  2-b>  -4 -Inch  material  and  rungs  of  1-by-  l- 
lnc*h  mslerlal.  U  ’right*  shall  lx*  spaced  t6  Inchss  apart, 
spacing  of  nings  skill  Ihj  12  ns  hes  from  top  to  top.  Lad' 
ilcrx  shall  lx*  aiuml  lo  the  mt  rugated  ptjio  vith  metal 
dip*,  clip*  skill  lx*  wi  hknl  U  tho  |H|e  aixl  tx!ted  U»  the 
iqirtght*.  Metal  lot  ,  bps  skill  weigh  n*4  less  (lun  t*  K7f» 
p**f  before  lormmg. 
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TABLE  A.l  SAND  DENSITY  TESTS 


Dote  of  S-impIe 

Structure  and  Station 

Depth  above  ( 
Depth  below  t  • 
Ground  Sui  fa*  * 

Local  lua 

ttater  Contest© 

My  Density 

feet 

(Hi 

pcf 

IS  )4sy  1957 

3.2a  (9018.01) 

-  A 

leeward 

10.7 

112.0 

18  May  1957 

—  4 

Blact  slds 

10.3 

no.® 

17  Hit  1957 

-  4 

Leeward 

13.3 

121.1 

Average 

11-4 

114.4 

25  May  1957 

3.21  (9018.02) 

-n 

Leeward 

10.4 

tl9.8 

28  May  1957 

-4 

Leaward 

7.9 

108.5 

28  May  1957 

-3 

Over  Coder 

7.1 

114.4 

3  June  1057 

-0.5 

Over  Coder 

7  * 

117.8 

Average 

8.3 

114.3 

2  May  1957 

3.2*  (9018.05) 

-11.5 

Leaward 

9.5 

114.0 

2  Kay  1987 

-11.3 

52X01  SO* 

9.4 

112.2 

3  Hey  1987 

-4.8 

Blaetsld* 

9.7 

113.1 

3  Kay  1957 

-  4.6 

Leaward 

8.7 

117.8 

Aver*** 

9.3 

114.8 

31  May  1957 

3.21  (9017.83) 

-12 

Leeward 

10.8 

117.1 

3  Jane  1987 

-4 

Lamrd 

13.3 

113-8 

3  Ana  1967 

•  4 

Over  enter 

0.1 

130.0 

4  Am  1957 

-0.5 

OvarCaaMr 

8.0 

119.0 

Avarac* 

10.3 

117.9 

TABLE  A. 2  RESULTS  OK  THIAXtAL  SHEAR  TESTS 


Sample 

Depth 

Position 

Water 

Content 

An(l*  ot 
,  “7,  litteinal 

Uw““Sf  Krictloo.  9 

Cohat  Ion 

pet 

Ib/ft* 

da* 

pat 

3.2f 

-3.0 

over  cantir 

7  ! 

114  4 

32.5 

78 

3.21 

-4.0 

over  center 

9.1 

120  0 

39.7 

4.4 

TABLE 

A. 3  CHEMICAL  AKD  SPECTROC8APH3C  AKALYRS 

Structure  Depth 

DtHHlty 

Water  Ceatent 

pet 

Elemental  CompoeftJoo. pet 

Below 
Grade  T 

At  Backfill*  D-7 
8/17 

D-3 

8/21 

8)  Al  Mg 

r*  n 

Na 

a  a  ca 

B 

feat 

pcf 

3.2 1 

-3.0 

114.4 

7.1  8.1 

8.2 

11.0  19.4  3.0 

4.0  04 

A 

A  5  C 

C 

3.2f 

-0.5 

117.5 

7.1  7.1 

7.4 

12.0  114  10.0 

4.2  04 

A 

ABC 

C 

3.21 

-4.0 

120.0 

9.1  9.3 

0.4 

14-5  14.8  5.5 

5.4  04 

A 

ABC 

c 

3.21 

-0.5 

119.0 

8.0  7.3 

7.1 

14.8  10.8  5.5 

3.2  0.5 

A 

ABC 

c 

Accuracy 

Qaactltlee  atom*  ar* 

Acoaraey  *  It  parcaat 

A  v 

1-10  p *re**t 

*  1.0 

accurate  to  aaaraat 

forS,  Al.  M «. 

P*. 

B  * 

041  -  o.l  parent 

percent 

0.1  percent 

and  71 

C 

0.001  -  0.1  parotid 

*  Dole*  *>f  KsmptoM  at  time  of  backfilling  are  Inrludod  In  Table  A.l* 
t  Position  over  center* 
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Figure  A.l  Retells  of  recovery  tube  for  neutron  threshold  device. 


1  f'-J  w 


P  rtt  Direction 


compactor  is  indicated  In  Figure  A. 9.  From  a  level 
3  feet  above  each  conduit  to  th»  level  of  the  original 
surface  a  D-8  Cat  crawler  tractor  (bearing  pressures 
approximately  10  psi)  was  used  for  compaction  by 
malting  four  passes  over  each  area 


Appendix  8 

STRUCTURE  INSTRUMENTATION 


B.l  DEFLKC  l*U»N  CAGES 

Scratch-typo  ileflection  gages,  utilized  to  deter¬ 
mine  maximum  ami  residual  deflections  were  fabri¬ 
cated  and  installed  by  NCKt..  The  scratch  gage  (Mo1 
ul  P-3.2)  illustrated  in  Figures  B.l  and  I*. 2  consiatec 
of  a  scribing  assembly  ,  two  scratch  plates,  and  attai  i- 
mg  hardware.  'I  he  scribing  assembly  was  attached 
to  the  top  of  the  conduit  sections  by  bolts.  The  scratch 
platvo  were  16-gago  aluminum  sheets,  12  by  13  Inches, 
with  '/(-Inch  flanges  turned  on  their  sides  to  act  as 
stiffeners.  The  scratch  plates  were  coated  with  con¬ 
ventional  machinist's  blu‘%  compound,  thus,  the 
scratches  showed  as  aluminum  colored.  The  scratci 
plates  were  attached  with  machine  screws  to  opposite 
flanges  of  a  4-Inch  steel  channel,  10  by  12  inches; 
this  in  turn  was  welded  to  a  steel  tripod  having  l*/j- 
fnchpipe  legs.  The  complete  assembly  is  shown  In 
Figure  B.3. 

Full-scale  scratch  gage  records  are  included  as 
Figures  fl.12  through  11.15.  It  Is  considered  that  the 
Moikil  P-3.2  scratch  deflection  gage  iwrformod  nalla- 
faclorily  except  for  measurements  In  Conduits  3.2a, 
3.2c,  ami  .'1. 2d.  In  lhu-o  three  eases  the  scribing 
stylus  jumped  from  the  sc  ralch  plate  before  record¬ 
ing  a  maximum  dynamic  deflection.  The  shock  im¬ 
parted  to  the  tripod  legs  evidently  caused  the  scratch 
pla  u  to  move  awuy  from  the  scribe.  A  spring  tenslo  1 
of  M  pounds  had  been  used;  however,  by  increasing 
the  spring  tension,  the  pressure  on  the  plate  could  be 
mcroasid  thereby  avoiding  a  future  similar  situation. 

B  2  SFI.F-RECORDINO  PRESSURE  VERSUS  TIME 
(Pt)GA(iKS  INSTA1.LKI)  HY  BRL.  PHOJECT  3.7. 

The  leeordlng  merhanlsm  for  tho  prossurc-llmo 
gugi  s  was  enclosed  In  .1  Isuivv  airtight  case,  the  lop 
<il  which  lifted  as  .1  bailie  plain  llolus  In  tho  Imffle 
pi. ilc  allowed  InltlalliMi  iiimI  |iresMure  Intaku. 

Tho  sensing  e'uinent  was  baslcully  u  chamber  formed 
by  welding  together  two  diaphragms  at  their  edges, 
uucb  of  which  was  Impressed  with  a  series  of  connec 
live  corrugations.  A  stylus,  consisting  of  on  osmium- 
tipped  p.. one  graph  needle  mounted  on  a  spring  arm, 
was  attached  to  the  element.  When  pressure  was 
transmitted  inside  the  dement,  the  element  expanded. 
Thi .  expension,  which  is  proportional  to  tha  amount 
of  pressu-e,  was  scra'chcd  on  a  silvered  glass  disk 
by  tne  stylus  The  glass  disk  was  mounted  on  a  turn 


table  and  was  driven  by  u  carefully  gnvemuu  motor  in 
order  to  record  the  scratch  ol  list-  stylus  versus  time 

Calibration  of  the  pressure  capsules  was  performed 
by  tha  mumifuctuic r  The  callbralums  wore  plotted 
using  a  Iwcds-Norlhrup  X-Y  rutorder.  The  output 
ot  a  Statham  strain -gage-l\pu  pressure  transducer 
was  fed  through  amplifiers  10  the  pen  (X-axis)  ol  the 
recorder.  Capsule  deflection  was  measured  by  a 
micrometer  head  equipped  with  a  null  dstector  ami 
servo  system  operating  a  slide-wire  potentiometer 
which,  In  turn,  controlled  the  chart  drive  (or  Y-axis). 
Tha  resulting  presentation  gave  a  plot  of  capsulu  de¬ 
flection  as  a  function  of  applied  pressure. 

The  Pt  gage  is  shown  in  Figure  B.4.  Actual  instal¬ 
lation  of  the  gage  is  shown  lit  concrete  base  for  over¬ 
pressure  measurements  In  Figure  B.5. 

The  self-recording  measurements  observed  on 
tho  ground  surface  are  Included  in  Table  B.l. 

The  values  shown  in  Table  B.l  are  used  In  Tablo 
3-1.  In  all  cusus  the  overpressures  ate  within  10  pur- 
cunt  of  the  preliminary  ccmiwsite  overpressure  curve 
for  Shot  Priscilla. 

B.3  PEAK  PRESSURE  CAGES  (INSTALLED  BY 
BRL  PROJECT  3.7) 

Tha  punk -pressure  gage  utilised  a  pressure  capsulu 
like  that  us-td  In  the  pressure-time  gaga;  however,  in 
this  gaga,  (ho  recording  blank  was  held  stationary. 

Thu  recording  blank,  .1  silvered  glass  rectangle,  was 
put  In  place  under  the  capsule  stylus.  The  stylus, 
when  activated  by  pressure,  reported  the  maximum 
positive  and  negntlv  ■  deflections  of  the  pressure  cap¬ 
sule. 

rhia  capsule  w  *  calibrated  by  the  manufacturer 
similarly  In  the  jh  gage  Figure  It  it  shows  thu  inaliil- 
Intlun  of  .1  |»iak  pi  coin  a  gage  on  tin*  access  end  of  I  lie 
limber  iMilklsuid. 

Tha  peak  liitern.il  proasiirn  mensuremants  ob¬ 
served  are  shown  In  ruble  11.2.  Tlw  reliability  of  thu 
peak  prassuro  values  is  questionable  and  It  is  conclud¬ 
ed  that  t  seif-recording  pressura-tlmo  gaga  would 
have  provided  a  more  accurata  and  roll  able  record. 

B  4  DYNAMIC  ACCELEROMETERS  (INSTALLED 
BY  BRL  PROJECT  3.7) 

It. 4.1  Electronic  Accelerometers.  Electronic- 
dynamlc-.u  cclerotnolT-vursus-lirou  measurements 
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wore  made  with  Wiauvkn  Ty|»e  3AAT  .ircol  rromolcr  . 

'I  ho  sensing  element  i  .insisted  of  an  armature  liond 
eil  at  il.s  renter  to  tho  vertex  of  a  V  ,sh.l|JOil  spring 
memlici  and  held  in  dose  proximity  ’o  an  K-roil  A 
weight  wa.s  attached  to  one  end  of  the  armature  so 
that  an  u-cclcralion  in  a  direction  normal  to  the  art  — 
ature  caused  it  to  rotate  alxiut  the  vertex  of  the  spring. 

The  K-coil  consisted  of  two  windings  wound  on  the 
extreme  legs  of  an  K-sha  -oil  magnetic  core  As  tho 
armature  rotated,  it  decreased  the  reluctance  of  t!> 
magnetic  poth  composed  of  the  armature,  the  rente 
leg,  am!  one  extreme  leg  of  the  K,  and  increased  th 
rcliu  lance  of  the  other,  similar  path.  Tho  electron  • 
accelerometers  were  given  statie  calibration  on  a 
spin- table  aeceleionietei  liefore  their  installation 
(Figure  It  7). 

l'hc  spm  l.ible  was  a  disk  which  was  totaled  at  a 
speed  determined  act  urately  by  an  electronic  tar  hoi  - 
cier  1  lie  aetulerometer  was  mounted  on  the  disk 
with  its  sensitive  direction  parallel  to  the  ladius  of 
the  disk.  Connections  to  the  recorder  cable  were 
matle  Uirough  slip  rings.  An  accurate  knowledge  of 
the  distance  of  the  accelerometer  sensing  element 
from  the  center  of  the  disk  and  the  rotational  velocity 
ol  the  disk  were  used  to  first  the  radial  acceleration 
prtslueoil  in  the  sensing  element.  The  installation 
of  the  gage  in  the  concrete  conduit  is  shown  In  Figure 
U.8  (left). 

The  results  of  the  electronic  dynamic  acceleration 
measurements  of  the  conduits  are  shown  In  Table  B.3. 

»■•>  <!  Self-Heconling  Accelerometers.  The  self- 
recording  acceleromuter  utilized  an  element  similar 
to  that  used  In  the  peak  accelerometer.  To  obtain 
acceleration  versus  time,  the  recording  disk  was 
rotated.  The  installation  of  the  gage  la  shown  in 
Figure  B.H  (right). 

One  Kulf- recording  accelerometer  had  been  instal¬ 
led  In  3.21  in  lieu  of  a  peak  accelerometer.  The  rea  I- 
lng  (•  log  negative)  is  questionable.  Because  the 
electronic  records  were  considered  good  and  tho  se  - 
recording  ami  peak  values  (Section  B.5)  weie  some- 
wha*  questionable,  tho  uluctronlc  values  have  boon 
corih.de  rod  mure  valid  ami  consequently  have  boon 
uli!i/.i:d  lor  discussion. 

H.b  I'kAK  ACt'F  LKItOMKTKUS  (INSTALl>:»  BY 
Bill.  IMtulKC  r  It  7) 

Tho  isiak  aeei-luro motor  was  basically  the  same 
as  the  isiak-prossurc  gago  (Section  B  3).  Instead  of 
a  pressure-sensing  capsule,  an  accelerometer  ele¬ 
ment  wus  utilized.  Tho  element  consisted  of  a  canti¬ 
lever  beam  with  a  weight  attached  to  Ita  free  end.  A 
spring  arm  attached  to  the  weight  held  a  stylus  which 
scratched  a  record  on  the  recording  blank  whaa  the 
elnment  was  activated.  The  cantilever  beam  was 
uhiped  to  prevent  oscillations  In  any  direction  except 
th:  t  ties!  red. 


The  aeeele.rometor  olemeula  wore  eallbratod  liy 
clamping  them  m  a  support  similar  to  tho  one  in  the 
gaga.  This  suppoti  was  thru  plaeeil  on  a  calibrated 
drop  table  Co  tic  subjected  to  transient  acceleration 
Tlie  drop  table  consisted  of  a  heavy  motal  plate  whit  n 
was  raised  to  a  predetermined  height  und  then  allowed 
to  fall  frooly.  The  fall  was  terminated  by  a  lux  of 
sand  into  whirh  the  plate  falls  flat-  Tho  accelerations 
produced  when  the  plate  la  stopped  were  accurately 
reproducible  ami  In  means  of  a  standard  accoterom 
eter,  have  been  related  to  the  height  from  which  the 
plate  was  released  A  peak  accelerometer,  attached 
to  the  bottom  of  the  coocretu  conduit  section,  is  shown 
in  Figure  H.:>. 

Kasults  of  the  |vak  acocloromclcr  readings  ob¬ 
served  are  snown  in  Table  B  4.  11  has  been  concluded 
th.it  the  electronii  dynamic  .uvelcremeter  would  have 
provided  a  more  valid  measurement 

B.6  MISSILE  TUAPS  flNSTALLKD  BY  LOVELACE 
FOUNDATION  PHOJECT  33.3) 

Inasmuch  an  low-velocity  missiles  secondary  to 
large-scale  explosions  have  loan  a  significant  cause 
of  casualties,  missile  traps  were  installed  in  all  tho 
concrete  corn  lulls  o(  this  project  to  determine  (i)  if 
concrete  comtuits  were  a  source  of  miaatlea  and  (2) 
to  uxamino  tho  ballistic  proportion  of  low-velocity 
missiles  which  might  be  produced  by  compression 
failure  of  the  concrete  or  by  spalling  of  concrete  as 
the  result  of  a  tension  crack. 

Styrofoam  was  used  for  the  missile  traps.  Th* 
relatively  low  shear  properties  of  the  material  sad 
Its  nee- fibrous  -u  rue  lure  result  in  locall  inline  of 
compressive  deformations.  Styrofoam's  resistance 
to  deformation  is  low  enough  so  that  relatively  slew 
missiles  pens trale  sufficiently  to  be  measured  accur¬ 
ately. 

The  missile  trap  raesistod  of  2-iach  sheets  of  styro¬ 
foam  9  Inches  by  36  t itches,  coveted  wlla  aluminum 
foil,  and  attached  to  the  Interior  surface  of  the  coa¬ 
cre  ts  with  asphaltic  comont  is  a  manoar  Indicated  In 
Figure  B. lo.  Atklillonal  ilata  ie  mtssllea  secondary 
to  nuclear  blart  arc  loclodoil  in  Huforence  9. 

In  ail  throo  concrete  condole  In  which  missile 
traps  wore  tnstallet',  3. to,  3.3J,  and  3.31,  no  evidence 
of  a  missile  had  I  icon  observed.  It  Is  concluded  that 
for  the  mngndodc  of  iloform-itioo  exjiorienctKl  liy  tho 
cone  re  to  conduit  scctloas  of  the  project  a  missile 
hazard  does  not  exist. 

B.7  DU8T  COLLECTORS  (PR03F.CT  J3.5,  HEFEK- 
ENCE  8) 

Two  tom* what  simitar  types  of  dust  collectors 
were  utilized.  The  first,  which  was  taped  to  the  floor 
of  each  shelter,  constated  of  aa  ordinary  glass  micro¬ 
scopic  slide,  one  Inch  of  which  was  covered  with  trans¬ 
parent  sticky  tape,  sticky  side  up.  The  second  wna  a 
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TABLE  B.l  SELF-RECORDING  .GE  MEAS-  1EMENTS  OBSERVED  ON  TABLE  B-2  PEAK  INTERNAL-PRESSURE 

GROUND  SURFACE  MEASUREMENTS 
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Deflection  record*.  Conduits  3-2*.  3. 2d,  and  3.2a.  Figure  8.13  Deflection  record*.  Conduit*  3 


A 


.xlicky-tr:iy  l.illoul  collector,  to  provide  rigiditi ,  a 
'/Jj-inch  thick  pl.ite  of  g.dv:ini/.ed  sheet  metal  ("Vj  l>V 
inches)  was  employed  ui  top  of  which  a  Ir:  ns- 
liarent,  hut  sticky,  pajior  wan  lined  with  maskl  ig  tape. 


Hecovei'y  of  trays  and  Hildas  was  accomplished 
upon  initial  poxtsliot  entry  of  the  structure  (0  ♦  $)- 
Tne  top  (ri  the  microscopic  slides  were  covered  with 
a  piece  of  transparer'  scotch  tape,  srui  the  faJlect 
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Figure  0.1*  Deflection  records,  Conduits  1.28,  3-**,  and  3.2). 


The  top  of  the  sticky  trsy  (  H  by  »  inchsn)  was  protect¬ 
ed  by  two  rectangular  pieces  of  paper  which  ordlnarl,/ 
are  stripped  off  just  before  exposure  to  the  collector. 
tl|«on  Installuilon  of  each  plate,  one  of  the  protective 


trays,  after  being  pried  looee  from  the  floor,  were 
placed  face  to  face,  fcare  being  taken  to  opycoa  the 
control  *!ids  of  one  collector  to  the  control  side  of 
the  other  taken  from  the  state  shelter.  These  meas- 
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Figure  8-15  Deflection  records,  Cooduita  3.2k,  3.21,  ,13.2a. 


papers  wsa  removed  and  the  uncovered  side  of  the 
collector  wan  marked  C  for  control.  Upon  Button- 
up  of  the  o  true  turn  prior  to  the  tea;,  (D  -  3  day*)  the 
other  protective  piper  was  removed,  thus  exposing 
the  other  side  of  the  collector  marked  E  for  experi¬ 
ment  The  two  types  of  dud  'ml lectors  who  h  wire 
inxlalloJ  in  Conduits  :t.2o,  3.2J,  and  .1.21  are  shown 
In  Figure  ll.lt 


oUectora 

Jm  several 


urea  served  to  protect  emh  of  the  dr 
from  contamination  alter  removal  fret 
structures. 

After  recovery,  the  two  opposing  Sheet#  of  the 
transparent,  sticky  paper  were  stripped  from  the 
fallout  trays.  The  sticky  paper  was  successful  In 
trapping  debris  varying  from  microscopic  particles 
of  iKist  to  disc ruin  pieces  of  mortar,  wood  and  small 
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aggregates  of  dirt.  A  few  (livers  of  wool  measured 
\  int'h  wide.  (It  should  be  noted  that  the  rood  bulk¬ 
heads  on  the  structure!,  of  this  project  are  not  a  part 
of  the  actual  shelter  design  but  have  been  used  as  aa 
economical  method  to  provide  closure  to  the  conduits 
for  the  purpose  of  this  test). 

Each  microscopic  slide  was  contaminated  with 
dirt  and  will  be  usable  for  subsequent  microscopic 
studies. 


The  data  obtained  wilt  be  subjected  h>  laboratory 
analysts  by  Project  J3.5,  using  microscopic,  photo- 
graphic,  and  chemical  methods.  As  much  as  possible 
of  the  trapped  debris  will  be  Identified.  It  ia  antici¬ 
pated  that  dust  collected  preshot  from  the  bottom  of 
the  conduits  will  be  moet  helpful  in  anting  the  obser¬ 
vations  calculated  to  establish  the  origin  of  postshot 
material  collected  on  the  experimental  side  of  the 
fallout  trays. 


** 
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Aptstndii  C 

NUCLEAR  RADIATION  INSTRUMENTATION 

Prepared  ’«•  Project  J.4,  Radiological  Division. 

U.S.  Army  Chemical  ’Varfare  Laboratories; 

Hobart  C.  Tompldna,  Project  Officer 


CM  BACKGROUND  ANO  THEORY 

To  its  prior  to  Oporal'oit  Teupot  have  xhown  that 
Ixilow  grade  shelters  give  75  percent  bettt  i  gamma 
thudding  than  those  shelters  which  are  partially  abovs 
Krudo  (Refer  nee  26).  Operation  Teapot  data  illustrat¬ 
ed  ti  at  completely  below-gruJa  shelters  with  fou  *  feat 
of  radial  earth  cover  gave  an  lns>  'e-to-ouUlde  gamma 
dose  ratio,  to  he  designated  herein  a*  a  gamma  irane- 
mission  factor,  as  tow  aa  t  2  by  10“ ‘  and  a  Matron 
transmission  factor  of  1.5  by  10*  ’  for  tht  high  enerftr 
neutron  flux  which  would  be  detected  by  sulfur-threshold 
detectors  (Reference  27).  Oetector  stations  nearer  to 
the  entranceways  of  the  structures  Inc  -Kted  much  high¬ 
er  transmission  factors,  and  therefore  received  high¬ 
er  radiation  t'osagus. 

'the  shelters  to  be  instrumented  for  radiation  rneas- 
urs manta  at  Operation  Plumbbob  were  all  undsrg round. 
r'ar  this  rv.  won,  Ukj  operation  Teapot  results  In  below- 
•A<  Mh  structurus  UK-d.tc..  UK-3.8b,  OK-7  -c,  and 
t'K-3.7  were  pnrtlcuiarly  useful  In  predicting  expects  1 
shielding  liy  the  shol  .  rs  at  Operation  Plumbbob  (Ref¬ 
erence  27).  '1 1  .sc  results  wore  augmented  by  empir¬ 
ical  relations  for  neutron  ami  gamma  radt-Uoa  pass- 
i-g  through  hollow  cyltnde. «  aa  given  In  the  “Reactor 
Studding  Oaslgn  Manual”  for  evaluadng  tho  effect  of 
vn.'lous  oponings  anil  baffles  (Reference  26).  fa  (he 
case  ■  f  tho  Op-ration  rlumbbob  3.2  structural,  •  m 
predictions  Indicated  that  they  should  provide  consid¬ 
erably  greater  radiation  pr  toe  lion  than  that  provided 
by  the  below-grade  Opo ration  Teapot  structures,  since 
none  of  them  would  have  any  entrance  ways  or  ventila¬ 
tion  system  openings  ut  shot  lime.  Moroovor,  tvj 
levels  of  protecllon  should  lie  about  equal  throughout 
the  mala  portions  of  tho  tost  suction. 

C.2  DESCRIPTION  OP  INSTRUMENTATION 

C.2.1  Gamma  Film  Packets.  Gamma  dose  was 
measured  with  the  National  Bureau  of  Standards— 

Evan*  Signal  laboratory  (NB8-E8L)  film  packets  (Ref- 
sruncee  29,  30.  and  31)  In  the  exposure  range  from 
1  to  50,1*00  r  and  in  tho  energy  range  from  115  kev  to 
10  Mev  the  accuracy  of  tho  dosimeter  la  considered 
to  he  within  i  20  percent.  The  not  photographic  re¬ 


sponse  te  expected  to  Is*  approximately  energy  Inde¬ 
pendent.  This  is  achieved  by  modifying  the  bare- 
cmulsion  energy  response,  which  has  peaks  near  the 
K-sheil  photoelectric  absorption  edges,  absorber  and 
brows.  At,  by  placing  the  satire  emulsion  te  a  8.25- 
mm-thick  oakdite  case  covered  with  1.07  mm  of  tin 
and  0.3  mm  of  1-utl  and  surrounded  by  a  '4, -inch  lead 
strip  over  the  open  e«V.es.  The  entire  arrange  meat 
le  placet*  l->.  a  plastic  cignrwtte  cues. 

Altlmngh  the  angular  dependence  of  the  gamma 
film  pocket  wh.  v  It  Is  uxpoeed  to  high  eaergy  rsdltv- 
tloo  is  Mgllgibte.  for  lower  energies  It  le  lmportaot- 
An  interpretation  e t  the  resells  obtained  by  Ehrlich 
(Reference  30)  Indicates  that,  for  radiation  Isotrop¬ 
ically  Incident  js  the  packet,  the  doss  value  la  ahast 
5.5  percent  tower  for  i  ,2-kisv  radiation  then  that 
oUainud  by  an  instrument  having  no  angular  '’xpeai- 
onru,  ibout  3t  jwreent  low  for  0.20- Mev  i„dUilon, 
aad  about  45  percent  low  for  0.1 1-Mev  radiation.  Al¬ 
though  the  film  packets  may  show  only  *  29  percent 
error  m  nor.-.  J  radiation  fields,  some  conalderatina 
shou’  be  given  to  the  faol  that  la  a  rel-wvely  Isotropic 
aad  degraded  one< &  fluid,  such  as  might  exist  la 
structure',  with  maay  fret  of  earth  cover,  the  film 
packet*  nur,  I  wheat  ;  !<.>■.•  values. 

C.2  2  Chcmlmu  Dosln-aters.  The  chemical  decim¬ 
eters  u'Mlxed  for  Instrumenting  the  structures  were 
supplied  by  tho  Unite  *  Status  Air  Force  Sc  boo)  of 
Aviation  Medlctea  (SAM). 

The  SAM  i  hv.nlcal  dosimeters  Include  tire  mala 
typos  of  chemical  sys'.  mu.  Oou  system  ie  bydrogsn 
tree,  while  thu  other  xyHtem  has  s  high  hydrogen 
content.  Thu  latter  »,  atom  is  cesewtislly  wsJcr- 
oqa-vsient  in  Its  response.  The  high-hydraf’-n-conteet 
dosimeters  respond  to  ill  the  gamma  rays,  last  Ma¬ 
trons,  and  thermal  n*utro*»a;  whereas  the  hydrogsa- 
freo  doelmeturs  respond  only  to  the  coexistent  gamma 
rays  sod  thermal  neutrons  (Reference  31).  Both  sys¬ 
tems  are  based  on  the  same  print  pis:  acid  formed 
from  the  radiation  of  a  chlorinated  hydrocarbon  Is  a 
linear  function  of  radiation  dose  throughout  a  brood 
range  (25  to  lbO.OOO  r)  'sou  Rclerenoes  31,  32,  33  sad 
34).  Neutron  calibration  of  thsuo  systems  was  mads 
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by  t».  S  HumtandP  h  Harris  (Rolurem  e  .15) 

Thu  hydrogcn-fioc  iloMmetcrs  utilized  were  fur¬ 
nished  l»  8AM  in  the  billowing  prepai ed  ranges.  0.3 
to  S,  2  to  20.  5  to  300,  100  to  500,  400  to  2,000,  1,600 
to  3,000.  and  2,000  to  18,000  rep.  The  high-hydrogi 
dosimeters  utilized  were  fur  .ished  In  the  following 
prepared  ranges:  10  to  200,  50  to  500,  and  1J0  to 
1,000  rep. 

All  of  the  dosimeters  if  exposed  within  tbi  ir  pre¬ 
pared  ranges  were  evaluated  spectrophotome  rically 
or  visually  by  observation  of  tho  color  changi  s  in  tho 
indicator  dye  from  red  (pit  6.0  or  above)  to  yellow 
(pH  f>  6  or  below).  Since  these  color  changes  are  a 
function  of  the  dose,  exposure  doses  wore  estimated 
by  color  comparison  with  irradiated  controls.  Thu 
amount  of  acid  formed,  lienee  tie  amount  uf  absorb*  I 
dose,  in  over-ex|sise<l  dosimeters  (pb  5.6  or  below’ 
w:.b  evaluated  by  titration  with  standardized  0.001  N 
solium  hydroxide.  Division  of  llic  antoonl  of  acid 
produced  in  an  unknown  exposure  by  the  calibration 
data  for  tlw  sensitivity  of  the  system  ta  Co*  gamma 
radiation  (namely  the  amount  uf  acid  produced  per 
milliliter  of  chlorinated  hydrocarbon  for  each  roenh  m 
absorbed)  yiuldod  the  gamma  dose  In  rounlgena. 

Tim  meusurumunt  of  the  neutron  doso  with  the  high- 
hydrogon-enntunt  dosimeter  was  accomplished  by 
evaluation  of  the  amount  of  stablj  acid  produced  In  a 
mixed  radiation  Hold  by  one  of  die  above  techniques. 
Since  the  waler-equlvalont,  hlgh-hydrogcn -con lent 
dosli  -•ter  is  X-  and  gamma-ray  energy-dependent 
and  lias  t  known  neutron  response,  tho  total  acid  pr<  - 
duction  c»:i  be  considered  as  a  combined  function  of 
ths  neutron  and  gamma  radiations.  Subtraction  of  11  i 
gamma -produced  acids  as  measured  by  the  fast  neui  -on 
inesnsltlve  cir-mlcal  dosimeter  systems  (Reference 
32)  left  a  given  quantity  .  ,  Vt  nroducsd  by  the  neu¬ 
trons.  Division  of  this  neutro-'-p*.  'need  acid  by  the 
ac.d  y  .  par  rap  yieldnd  a  neutron  do*j  l.:  terms  or 
rep. 

Gamma  mnuseremuntH  In  tho  >«■»'-  -a  of  neutrui  • 
wero  Hcenmplishod  by  using  the  hycrogen-frue  ilosli  .- 
eters  Since  all  chemical  dostm  ters  are  eensitlve 
to  thermal  neutrons  tho  Uv  *m*l  neutron  dose  was 
calculated  independently  fi-om  cadmium-gold  differ¬ 
ence  mouuurenienle.  The  ilata  wore  tbsn  corrected 
by  sulilrnel'on  of  6  7  roenlgen  eoulvslcnts  per  thermal 
nmitnin  rep  (Holerencc  34). 

C  2.3  Neutron  Threshold  Devlcee.  A  complete 
description  of  the  neutron  system  used  for  instru¬ 
menting  the  structures  can  be  found  In  Referenoe  12. 
Thermal  and  epithermal  neutron  flux  was  measured 
with  gold  foils  by  the  cadmium  difference  method. 

This  technique  j  telds  the  flux  of  neutrons  below  tbs 
cadmium  cuijff  of  about  0.3  electron-volt.  Intermed¬ 
iate  energy  neutrons  were  measured  with  a  scries  of 
thiee  boron-shteided  flasicn-threahold-detectors; 

Pu’”(  -3  7  kov),  Npr  (  0.7  Mev).  and  Uw  (>t.5  ,A  v). 
Hli  h  energy  neutrons  were  measured  with  sulfur  tic 
tw  Ur»  h  ming  hi  cffci  live  thresnold  nl  i  Mev  Th. 


cadmium  i  ututf  ami  the  vailous  energy  thresholds  are 
not  Ueut  l>  .lc lined  ikhium  Kor  this  reason  noulion 
fluxes  in  this  repot  i  will  Is-  ideutiflud  with  detectors 
rather  tlum  with  energy  ranges- 

The  accurniy  of  these  detectors  Is  approximately 
■  15  percent  for  doses  greater  than  25  rep.  Meas¬ 
urements  are  unreliable  below  25  rep  sad  cannot  be 
made  below  5  rap.  The  ik-toctors  were  calibrated 
and  read  by  Project  '2.3. 

C  3  INSTRUMENTATION  LAYOUT 

The  objective  of  nuclear  radiation  Instrumentation 
was  to  determine  the  effective**  s»  of  the  burled  struc¬ 
tures  for  providing  radiation  protection  Accordingly, 
the  structures  wuie  instruiiH'nted  to  measure  the 
gumma  amt  neutron  dose  that  would  ho  received  at  a 
nominal  .slight  of  throo  feet  above  the  flo  w  of  tho 
structure 

Since  the  activities  produced  la  the  lb  -cahold  de¬ 
tectors  are  relatively  short-lived,  structure  3.2f, 
which  was  to  be  Instrumented  with  these  detectors, 
was  equipped  with  an  aluminum  tube  from  which  the 
threshold  devices  could  be  withdrawn  by  memos  of  a 
coble  system  within  a  few  minutes  after  shot  time. 

The  structural  details  of  the  coble  system  are  given 
In  Appendix  A- 

Since  none  of  tho  other  dose  detection  systems 
require  early  recovery,  their  locations  were  ooa- 
t rolled  only  by  the  data  that  were  desired.  A  flint 
packet,  a  chemical  dosimeter,  tad  In  sores  cases  a 
thermal -neutron  detector  were  Installed  Is  each  of 
the  structures.  The  detectors  were  taped  ta  the  tri¬ 
pod  of  the  so  retch-type  deflectice  gages  at  a  height 
of  three  feet  above  the  floor  level  of  the  structure. 

In  this  method  of  location  each  detector  was  approxi¬ 
mately  at  the  center  of  the  20-foot  sect  tees  sad  at  the 
canter  of  tho  width  of  the  structure. 

In  order  to  cak-ulnle  transmission  factors  it  woe 
necessary  to  obtain  free-fluid  reeding*.  Neutron 
spoctral  dels  ware  obtained  frost  thu  line  of  stall  mis 
uttObllMhed  by  Project  2.3  at  100-yard  Intervals  west 
from  ground  xe-o  In  additior  *'  *  dosimeter 

anil  film  psekot  frec-Ueld  Htatioee  were  located  at 
(••a  ranges  oi  he  structures  tested. 

C-4  RESULTS  AND  DISCUSSION 

Moat  of  the  froe-dsld  NBH-rv.  Him  pec  hats, 
which  cannot  measure  dosages  greater  than  70.000  r, 
were  overexposed,  and  the  rest  ware  either  neutron 
activated  or  lost  in  processing.  Therefore,  the  frea- 
fleld  film  packet  Juta  oh  dned  for  Project  2  4  were 
nlottad  as  a  function  of  -.stance  and  extrapolated  to 
the  roogoa  of  interest  (Reference  >  )  It  is  reoog- 
nlaed  that  the  validity  of  the  linear  extrapolation  to 
close  ranqoe  Is  open  to  vocation,  but  no  other  proce¬ 
dure  presented  itself  The  doses  res  from  this  curve 
are  given  in  T.iblo  C  I  along  with  the  other  free-fleld 
lose  measure  hU  Tno  i  hemlcsl  dosimeter  date 
wore  otitmned  fmm  a  nmooihed  curve  thro  gh  the 


TABLE  C.l  FRKK-KIKLD  GAMMA  AN  ■  'JKUTKON 
MEASUREMENTS 


Structure 

Gumma  Base 
Film 

Neutron  Do  so 

Foil  Method 

r 

rep 

3.2a 

2.35  x  10* 

1.92  x  10* 

3.2b,c,d,o,f 

1.89  x  10* 

1.62  x  10* 

3.2g,h,J 

1  35  x  10* 

1.24  »  10* 

3.2k,  1,  m 

1.02  x  10* 

7.65  <  10* 

ABLE  C.2  GAMMA- SllfELDING  CHARACTERISTICS  OK  PROJECT  3  2 
STRUCTURES:  SHOT  PRISCILLA.  FRENCHMAN  FLAT 


Structure 

Earth 
Coer,  It 

Dose,  r 

Fran»mi**ion  Factor,  Di/Do 

FlTm 

Badge 

Chemical 

Dosimeter 

Kiln. 

Badge 

Chemical 

Dosimeter 

3.2a 

7.6 

0.2 

-5 

1  x  10'* 

<2.'  t\>  1 

3.2b 

10.0 

00 

<5 

<3  x  10  * 

3.2c 

7.5 

0.0 

<5 

<3  x  10'* 

3.2(1 

7.5 

00 

<5 

<3  x  10"* 

3.2e 

7.5 

0.0 

<5 

<3  x  10'* 

3.2f 

5.C 

77 

(S 

3.8  x  10'* 

<Jx  10** 

3.2g 

7.5 

0.0 

<50* 

<4  x  10'* 

3.2h 

7.5 

0.0 

v  5 

*-4  x  10‘* 

3.2J 

7.5 

0.0 

<5 

<4  x  10  * 

3.2k 

7.5 

0.0 

(5 

<S  x  10"* 

3.21 

7.5 

0.0 

<5 

<5  x  10"* 

3.2m 

5.0 

1.3 

<5 

1.2  x  10'* 

<5  x  10'* 

•High  ranee  dosimeter  accidentally  tnstclled. 

TABLE  C.3  NEUTRON-SHIELDING 

CHARACTERISTICS  OF  PROJECT  3.2 

STRUCTURES:  SHOT 

PRISCILLA, 

FRENCHMAN 

FLAT 

o.  ^  Earth 

8ti  ucture  „ 

Coyer,  ft 

Dose 

,  rep 

Tranxmlaalon  Factor, 

Di/Do 

Film 

Chemical 

Film 

Chemical 

Badge 

Doalrrwtar 

Bad** 

Do*  t  mo  tor 

3  2u  7.5 

t 

<10 

t 

<5x  10* 

3.2'/  10.0 

f 

v  10 

t 

X 

10'* 

?.  ;c  7.5 

♦ 

<10 

t 

vjx 

10'* 

3.2d  7.5 

f 

<10 

t 

a6x 

10'* 

J.2e  7.5 

♦ 

<10 

t 

<«x 

10'* 

3.2f  0.0 

<25 

<10 

<1.3  x  ur* 

<5* 

io-» 

3  2g  7.5 

t 

<50* 

f 

10' « 

3.2h  7.5 

♦ 

<10 

t 

<5  x 

10'* 

3.2J  7.5 

f 

<10 

f 

<8  x 

10'* 

3.2k  7.5 

<10 

f 

<2  x 

10'* 

3.21  7.5 

f 

<  10 

f 

<  2  x 

10'* 

3  2m  5  0 

t 

V  10 

♦ 

2  x 

to-* 

•  High  rsrtgu  do»i  motor 

*  Not  Instrumental. 

tcci'len  tally 

Installed. 
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measured  va.ues  The  threshold  detector  dose  fig¬ 
ures  were  obtained  from  Project  2  3  (Reference  12). 

Gamma  and  neutron  doses  Inside  the  shelters  are 
listed  m  'laliles  C.2  and  0.3,  respectively.  Results 
shown  as  less  than  a  given  figure  Indicate  the  lower 
Um.t  of  detector  sensitivity  in  cases  where  the  detec¬ 
tor  gave  no  reading.  Although  the  early  recovery  of 
the  threshold  detector  system  in  structure  3.21  was 
unsuccessful,  as  pointed  out  in  Chapter  4,  it  was 
nevertheless  possible  to  set  an  upper  limit  to  tha 
dosage  received,  based  on  the  sulfur  detector.  It 


was  evident  that  these  shelters  provided  u  'equate  pro¬ 
tection  against  Initial  nuclear  radiations  under  tha 
test  conditions,  in  agreement  with  predictions  made 
by  Project  2.4  (Reference  10). 

C.5  CONCLUSIONS 

The  underground  shelters  constructed  by  Project 
3.2  provided  attenuate  protection  against  the  Initial 
gamma  and  neutron  radiation  from  the  Shot  Priscilla 
device  for  the  slant  ranges  of  the  teat. 
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Defense  Nuclear  Agency 
6801  Telegraph  Road 
Alexandria.  Virginia  22310-3398 
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ERRATA 


14  September  1995 


MEMORANDUM  TO  DEFENSE  TECHNICAL  INFORMATION  CENTER 
ATTN:  OCD/Mr  Bill  Bush 


SUBJECT:  Change  of  Distribution  Statement 


The  following  documents  have  been  downgraded  to  Unclassified 
and  the  distribution  statement  changed  to  Statement  A: 


WT-1307, 

POR-2011 

WT-I405, 

WT-1420,- 

WT-1423, 

WT-1422, 

WT-1225, 

WT-1437, 

WT-1404, 

WT-1421, 

WT-1304, 


AD-311926 
,  AD-35^684 
AD-611229 
AD-B001855 
AD-460283 
AD-615737 
AD-460282 
AD-311158 
AD-491310 
AD-691406 
AD-357971 


WT-1305, 

WT-1303, 

WT-1408, 

WT-1417, 

WT-1348, 

WT-1349, 

WT-1340, 


AD-361774 

AD-339277 

AD-344937 

AD-360872 

AD-362108 

AD-361977 

AD-357964 


If  you  have  any  questions,  please  call  MS  Ardith  Jarrett,  at 
325-1034. 


FOR  THE  DIRECTOR: 


JOSEPHINE  WOOD 
Chief 

Technical  Support 
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